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Preventive medicine in Britain was first concerned chiefly with 
environmental hygiene. The years 1875 to_ 1900 covered a long series 
of progressive reforms under the direction of the Local Government 
^Bo'ard, which supervised such local government as related to public 
health and relief of the poor. 

These reforms comprised general sanitary improvements, pure 
water supplies,' pure food supply, provision of isolation hospitals for 
infectious diseases, public vaccination, the supervision of slaughter- 
houses and common lodging-houses, and others. Local authorities 
obtained control over housing, powers to condemn slums, and to pror 
vide new housing accommodation. .Infectious diseases were made 
notifiable, while port sanitation prevented the admission of fresh 
disease and plague and pestilence into Britain. 

These measures were followed by a great improvement in Britain’s 
national health. The water-borne’ diseases have become almost 
negligible. Cholera has been abolished and typhoid is now a rarity, 
though watch is still kept for epidemics caused by “carriers.” Personal 
cleanliness and lessened overcrowding have stamped out typhus, the 
deadly "jail fever,” which spread from the prisoner in the dock to the 
judge on the bench. Every second person is no longer scarred with 
smallpox. 

The great advances made in medical and natural science contributed 
largely to administrative progress. For this was the age of Darwin, 
Huxley and Lister, of Pasteur, Simpson and Koch, of Stephenson and 
Watt, the first who ever burst into those silent seas of knowledge and 
revealed new learning in biology, antiseptic surgery, bacteriology, 
anesthetics and engineering science. The skill and experience of man,y 
have all been assembled to constitute the science of public health. 

The succeeding trend of preventive medicine from the reign of King 
Edward Vll onwards has been in the direction of preventing the con- 
traction and transmission of disease in human beings. Progress in 
environmental hygiene has not stood still. There have been a number 
of Housing and Town Planning Acts and factory legislation. 
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From 1919 to 1938 the number of new State-aided dwelling.houses 
was about U million, and private enterprise, without subsidy, pro- 
duced nearly million houses, so that 4 million new houses have 
rehoused about one-third of Britain’s whole population. The housing 
policy of the State has a three-fold objective; (1) the eradication of 
the slums; (2) the abatement of overcrowding; and, (3) the provision 
of new houses at as low a rent as possible. 

Workers in mines and factories now pursue their avocations in a 
healthier atmosphere; there is less risk of disease, crippling and death; 
and lead and other forms of poisoning in industrial processes, as well as 
silicosis, have been greatly diminished. 

Preventive medicine in Britain enlarged its activities some 30 years 
ago by taking the individual in hand, by promoting facilities and 
education for keeping him healthy, and by treating his disease in order 
to safeguard the community. 

The State made an important contribution to this wider interpreta- 
tion of public health by introducing school medical inspection in 1907^. 
jN'Iedical inspection of school children has separated the impaired and 
defective child from the normal and healthy. Arrangements have been 
made for attending to the health of both sick and healthy children. 
i\!any morbid conditions have been reduced, the general phj^sique of 
school children has improved, and in addition to direct medical results, 
the teaching of hygiene and cleanliness, the physical training and the 
provision of milk and school meals have reformed the physical condi- 
tion of the children of Britain beyond all comparison with the past. A 
health conscience is developing both in the children and their parents. 

During the past 30 years the larger authorities~the counties and 
county boroughs— have been given much greater powers as guardians 
of the public health. They were made responsible for the individual 
health services, the maternity and child welfare services (for tlie most 
part), the public assistance medical service for necessitous persons, 
the tviberculosis and venereal diseases services, the cancer serxdce, the 
orthopedic service, the hospital services (including, to some e.\'tent, 
pathologic services), and the mental hospitals service. 

Britain’s Ministry of Health initiated these services by promoting 
legislation which made them a duty of the county councils and county 
borough councils, and by administering Government Grants to aid 
them. The cost of the services is thus defrayed partly by the State 
and partly by local rates. The Ministry lays down the lines on whicii 
these services are administered by the local authorities, approves the 
scheme of work, inspects the services through its medical officers, and 
by health surveys sees that a proper standard of efficiency is main- 
tained, having regard to the individual authority’s resources and needs. 
But the actual work is done by the county council and the county 
borough council with the advice of their medical officers of health. 

Britain’s National Health Insurance IMedical .Service, set up in 1911, 
is of primary importance in confirming the role of the medical prac- 
titioner as the first line of defense in combating disease. Normally, 
some 17,000 medical practitioners in England and Wales iirc engaged 
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in this health service. It provides a means whereby the industrial 
workers of the country can have ready access to medical advice, not 
only for actual ill health, but for those who need guidance to keep 
their health. The Service is administered centrally by the INIinistry 
of Plealth and locally by Insurance Committees. 

In Wales the Welsh Board of Health is part of the Ministry of 
Health, while the Department of Health for Scotland exercises similar 
functions to those of the Ministry. 

Two world wars seemed likely to set back the hands of the clock 
of social progress in Britain. But let us look at some comparative 
vital statistics. The death-rate for England and Wales about the year 
1900 was 18 per 1000, whereas since 1918 it has been in the neighbor- 
hood of 12 per 1000. In 1938, the last unbroken j^ear of peace, it was 
,11.6 per 1000 persons. 

Tuberculosis is a disease whose ravages are prone to affect the youth- 
ful and adolescent as well as the adult members of the population. 
The death-rate from tuberculosis serves as a convenient index of the 
success of public health measures. At one time tuberculosis occupied 
first place among the principal epidemic or general diseases as a cause 
of mortality. It has fallen from that disgraceful pride of place. During 
the 25 years before 1936 the standardized death-rate from pulmonary 
tuberculosis declined by 49%, and for non-pulmonary tuberculosis by 
as much as 69%. 

The crude death-rate from all forms of the disease was 635 per 
million, the lowest figure yet recorded. In the decade 1911 to 1920 
the number of deaths each year from tuberculosis (all forms) was 
about 52,000, "a thousand funerals a week.” In 1938 this figure was 
only 26,176, or nearly half the average figure in 191 1 to 1920. 

In the period 1896 to 1900 the infant mortality-rate (that is the 
death-rate of infants under 1 year of age per 1000 born) was 156. In 
1938 it dropped to the then record figure of 53. 

The maternal mortality-rate, which for many years had averaged 
over 4 per 1000 live births, began to decline in 1936 and by 1938 had 
reached the then record figure of 2.97. This fall coincided with special 
measures undertaken for the care of women in childbirth and ivith 
special chemotherapy for puerperal sepsis. 

These are salient examples of the improvement in national health 
brought about by preventive medicine. In 1939, when Britain was 
forced into totalitarian war, the people marched into battle fortified 
by better physique and better health, the gifts of medical and public 
health progress. 

War favors disease, and the task before the State and health author- 
ities both before and in the early years of the war was a stupendous 
one. Important and extensive as public health responsibilities were 
during tlie last war, tliey are vastly increased in the warfare of today. 
The discoveries of science have placed more powerful weapons of 
destruction in the hands of man. The aeroplane flies bearing death 
betiyeen its wings. The cities of Britain are no longer cities of refuge 
for invalids, women and children, but may become the most vulner- 
able centers of attack. 
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War also exposes populations to the risks of famine and malnutrition, 
to liability to the contraction of infectious diseases and epidemics 
through overcrowding, movements of population, increased fatigue 
and lowering of bodily resistance, and grave apprehensions were 
expressed that the national health would seriously deteriorate. 

With those fateful considerations in mind, the British Government 
had to take important measures of protection, as well as maintaining 
the public health services and adapting them to war conditions. Two 
important measures were the organization of an emergency medical 
service for the treatment of air-raid casualties and of the wounded, in 
itself a stupendous task, and the evacuation scheme which included 
the transfer of school children, expectant mothers, young children, 
cripples, and blind persons from urban centers to other areas less 
exposed to German air-raids. 

These war schemes at first were far from perfe6t. In the light of 
after-events it can be seen that many mistakes were made, many 
unnecessary plans ivere devised and there was miicli waste of effort in 
preparing for eventualities which never arose. These defects were 
practically inevitable in a new organization and certainly inevitable 
in a war which has taken a course very different from the campaigns 
of the past. 

On the whole, however, they met with great success. This was due 
to careful central planning, to continual overhauling of the machine, 
and above all to the loyal cooperation of doctors, students, nurses and 
hospital and social workers of every kind. Britain’s Medical Research 
Council in conjunction with the Ministry'’ of Health set up a compre- 
hensive laboratory service throughout the country. They are also 
making investigations into war problems of disease such as burns, gas 
gangrene, blast injuries and others. 

Under the capable shield of the allied navies the food supplies of the 
country are being maintained and the present scale of rationing is 
equitably administered by the Ministry of Food and is full}" adequate 
for good nutrition. 

The prevention of scurvy, scurvy rickets, rickets and other deficiency 
diseases is included in the economic defense of Britain. Due provision 
is being made for milk for children and expectant mothers, school meals 
for children and communal feeding centers. Under the Ministry of 
Labour and National Service, industrial health is being maintained in 
factories and workshops with advances in medical and welfare services. 

The vital statistics of Britain on the whole continue to be satis- 
factory. The decline in infant and maternal mortality has been 
maintained. Two evils, tuberculosis and venereal diseases, both 
“camp-followers of war,” have given some cause for anxiety, but 
further special measures have been organized to combat them. There 
have been no large epidemics and any outbreaks that arise are promptly 
tackled by the health authorities. Diphtheria is still too prevalent, 
the campaign for immunization against that disease is being urgently 
pressed and with success. 

The sulphonamide preparations are in general use and have reduced 
the mortality from pneumonia, cerebrospinal fever, puerperal fever 
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and other diseases to a remarkable degree. Encouraging researches are 
proceeding on the application of Penicillin to war wounds and disease. 
In brief, British preventive medicine is not only achieving a remarkable 
and unprecedented success in the present war, but its scope and range 
are being extended. 

It is an encouraging sign of confidence in victory that while Britain 
is engaged in a life or death struggle for freedom, she can still find time 
for future planning in public health. 

The defects and limitations of the present system are realized, how- 
ever, and numerous schemes and plans are being ventilated both 
officially and unofficially. It is the Government’s declared intention 
to fulfill the intentions of Assumption B of the Beveridge Report by 
establishing a comprehensive medical service. It seems an inevitable 
condition of such a service that it should be closely associated with the 
public health services of Britain’s local authorities. 

For health is more than a question between doctor and patient, 
valuable as is this relationship. The environment and social conditions 
of the patient need full attention and preventive medicine must employ 
a social armamentarium as well as a medical one in order to maintain 
and improve the public health. 

This means a marshaling of all forces— medical, environmental, 
social and individual to prevent and to combat disease. A notable 
means to this end is the recent establishment of Chairs of Social 
Medicine at the Universities of Oxford and Birmingham. Another is 
the work of the Central Council for Health Education in educating the 
community in hygiene and the avoidance of disease. 

A comprehensive medical service is to be established and a White 
Paper on the subject just has been issued by Britain’s Minister of 
Health. It may be observed here that the nuclei of such a service are 
already present in the Insurance Medical Service, the Public Assistance 
Medical Service, the health services and hospitals of the local author- 
ities, the voluntary hospitals, the specialist provision made by mu- 
nicipal and voluntarj'- agencies and the planning of the Emergency 
Medical Service. The task is to combine this scattered provision into 
one harmonious whole. In all these schemes of reform many compli- 
cated problems are presented which time, patience and experiment 
will solve. 


CAPILLAEY PERMEABILITY IN MYXEDEMA* 

By Kurt Lange, M.D. 

NETV YORK, N. Y. 

(From the Department of Medicino of the New York Medical Coll., Flower and Fiftlj 
Avenue Hospitals and the Metropolitan Hospital Research Unit) 

The presence of edema in the skin of patients suffering from 
myxedema and the tendency to generalized serous effusions are so far 
physiologically unexplained. The fact of their presence has been 
stressed by many observers. The tendency to serous effusions, espe- 

* Aided by .a grant from the John and Mary R. Markle Foundation. 
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cially in the pericardial cavity, has even impressed many observers so 
much as to cause them to deny any genuine enlargement of the heart 
itself, attributing all roentgen evidence of enlargement to pericardial 
effusions. Feasby^ describes a case in which he was able to measure 
the intrapericardial pressure and to withdraw repeatedly large amounts 
of fluid from the pericardium. Marzullo and Saverio^^ describe a case 
with multiple serous effusions and cardiac involvement which returned 
to normal after treatment with thjnoid. The heart also became con- 
siderably smaller after treatment. Lehrman, Clark and Means” 
report 5 myxedema autopsies, 4 of which showed interstitial edema of 
the heart muscle and only 2 increased fluid in the pericardial sac. They 
summarize their findings of the tj^iical pathology as found in myxedema 
as follows: (1) interstitial edema; (2) fibrosis; (3) pericardial effusion. 
HurxthaF also reports cases of myxedema heart with congestive heart 
failure and polyserous effusions. He states definitely that he attributes 
the edema to the basic myxedema and not to the subsequent heart 
failure. Similar findings are reported by Hanssen.^ On the other 
hand, it can be considered well established that the blood flow in the 
periphery of mjocedema cases is considerably diminished. In their 
extensive studies, Stewart, Deitrick and Crane,” Zondek,^® Stewart 
and Evans,” and Macy and co-workers,” state that the circulation time 
in all cases of mj'xedema is prolonged and that the flow of blood through 
an extremity is markedly decreased. All tliese changes return to 
normal after proper treatment has been instituted. No unanimity can 
be found in the literature concerning the meaning of the changes in the 
electrocardiogram. All authors state that there are marked changes in 
the T waves and occasionally of the P-Q interval in connection with 
the more or less pronounced general lowering of the voltage. Most of 
the authors are inclined to attribute the T wave changes to arterio- 
sclerosis, as can be expected with the high cholesterol in the blood; and 
the changes in voltage to the formation of small or large effusions in 
the pericardium. Only Lehrman^^ and his co-workers state that in all 
probability the interstitial edema is the main cause for the electro- 
graphic changes. Recently, Zondek, Michael and ICaathz^® very clearly 
stressed the point that the interstitial edema of the heart muscle is, in 
the majority of cases, the cause for the anginal sjmdrome. They 
explain it by the statement that the edema is pressing on the blood- 
vessels, a contention which one can hardly follow; for the tissue pressure 
can phj^siologically never be higher than the pressure in the vessel 
leading to the area. 

A very remarkable finding is published in the literature. Thompson, 
Thompson, Silveus and Dailey”“ found that in myxedema the protein 
content of the spinal fluid was nearly always markedly increased (up 
to 242 mg.) and that the globulin test was always positive. The 
pressure was very often markedly increased. All these findings return 
promptly to normal on thyroid therapy. They were at a loss to 
explain these results. 

Observers of the capillary microscopic picture in this disease agree 
that the number of visible capillaries is low.”-®® 
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Starling, 18 in his monograph, “The Fluids of the Body,” summarizes 
the factors causing increased transudation : 

A. Increased intracapillary pressure: (a) venous obstruction; (b) 
vasodilation; (c) plethora. 

B. Increased permeability of the vessel wall: (a) local injury by 
mechanical irritants; (6) local injury by thermal irritants; (c) local 
injury by chemical irritants. 

C. Watery condition of blood (hydremia). 

D. Increased molecular concentration of the tissues. 

Considering the factor of increased capillary pressure, there is no 

reason to assume that it is present in mjxedema, especially not to an 
extent as to explain the findings described below. Venous pressure 
measurements as carried out by Golden and Brauns^ have not shown any 
increase in venous pressure, a finding which is in accord with our own 
observations. Neither vasodilatation nor plethora is present in myx- 
edema, nor is there any reason to assume a marked hydremia in this 
disease. 

In doing circulation time determinations in patients with myxedema 
(by means of the fluorescein method reported elsewhere),* it became 
apparent that these patients had an especially rapid and intense 
staining of the tissue cells by the dye. Since these patients had a 
prolonged circulation time and, since we were able to show that in the 
presence of a normal capillary permeability, slow circulation times were 
identical with slow staining of the tissue cells due to the diminished 
amount of dye brought to an area, this rapid and intense staining in 
myxedema patients seemed so remarkable that it stimulated us to the 
study herein described. 

Three attempts have been made so far to attribute the serous effu- 
sions in myxedema to changes in capillary permeability. Neither 
Ganszlen* and Peterson^* with the blister method, nor Wliite and Jones^* 
with the pressure plethysmograph have succeeded, however, in proving 
this assumption. It is probable that in these studies the methods used 
were not adequate for this purpose and the range of the normal was 
so wide that no positive results could be expected. 

In order to make our observation objective and to be able to estimate 
its magnitude, recourse was taken to the following metliod. 

Method. The Dermofluorometer,* which is described in detail elsewhere,^” 
was used for these observations (Figs. 1 and 2). This device consists of a 
small but intense light source which, by means of ‘proper filtering radiates a 
blue light of a short wave length (around 4000 Angstrom units). This light 
source is rigidly aligned at an angle of 90 degrees to the opening of a sensitive 
phototube which, in turn, b 3 ’^ means of proper filtering, picks up only light 
waves in the region of green, that means in the region of the fluorescence of 
fluorescein. The light source as well as the phototube are at a constant dis- 
tance from an opening in a bakelite plate through which the light shines on 
the skin of the patient and from which the reflection is picked up bj' the photo- 
tube. The changes in the current output of the phototube, which are depen- 
dent upon the fluorescent radiation, are amplified and registered on a measuring 
instrument. This instrument is calibrated in such a way that an alkaline 

* Manufactured for us according to our speciBcations by the Photovolt Corn. New 
York City, ’ 
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fluorescein solution of a concentration of 1 to 30,000,000 in a cuvette of glass 
permeable to ultraviolet and of 5 mm. depth gives a deflection of one division. 
This deflection is called one fluorescein ski7i unit. 



Fig. 1. — Tlie Dermofluoromcter attached to the leg of a patient. The searcli unit is on 
the skin, the registering instrument on the table. 



Fig. 2. — The principle of the Dermofluorometer. The light source radiates through 
the blue filter, Fi, on the skin. The fluorescence of the skin produced by the intravenous 
injection of fluorescein is registered by the phototube. Filter Fs prevents all light 
except green-yellov- from reaching the phototube. 

The patient rests for at least 15 minutes before examination in a room with 
a temperature between 75° and 80° F. Before the examination is carried out, 
several test spots on the body of the patient are tested with this instrument 
in a dark room for their illumination. Since the skin in some individuals has 
a somewhat gi'eenish color, before the injection of any dj-^e these so-called 
background readings are necessarj-^ to eliminate errors. The verj"- low values 
are noted and later deducted from the values found after the injection of the 
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fluorescein. One and three-tenths cc. per 10 kg. of body weight of a 5% 
fluorescein solution to which 5% of sodium bicarbonate has been added are 
then injected intravenously. The first 4 cc. are given very rapidly while the 
rest is given within 90 seconds. It may be stressed here that this fluorescein 
solution is optically 22% more active than a solution of sodium fluorescein. 
The dermofluorometer is attached to the leg of the patient by a rubber strap, 
while a long wave ultraviolet reflector, such as used for the determination of 
the circulation time,’’’® is beamed on the lips of the patient. Thus the circula- 
tion time to the lips and to the leg is being determined objectively. 

The degree of deflection registered by the dermofluorometer at the different 
test spots is read in the beginning everj'^ 2 minutes and later every 5 minutes. 



PtG. .S.— The fluorescence values obtained from the legs of 20 normal individuals after 
the injection of fluorescein. The hea^'y line in the middle represents the average, the 
upper and lower border lines, the possible variations in normals. 


A curve is thus obtained which is mainly dependent upon 4 factors; 
(1) the number of capillaries per square inch ; (2) the amount of blood 
streaming through them per time unit; (3) the capillary permeability; 
(4) intracapillary pressure. 

Fluorescein is a very small molecular dye (mol. w'eight 332). It 
penetrates practically immediately from the capillaries into the tissue, 
as can be easily observed under tlie capillary microscope. It diffuses 
over the entire length of the capillary loop. In ultrafiltration experi- 
ments_ wdneh represent the experimental counterpart to capillary 
filtration, it can be shown that three factors influence the amount of 
fluorescein obtained in the filtrate (tissue fluid) : (1) the pore size of the 
filter (capillary permeabilitj^ ; (2) filtration pressure (capillary pres- 
sure); and (3) concentration (blood concentration). 

The curves of normals obtained with this method are in a very close 
range. It was astonishing to see how' rigidly the body adheres to its 
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Fig. 5. — The permeability curve as obtained in 5 cases of myxedema after fluorescein 
injection. The heavy line represents the average normal curve. 
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permeability curve. We have repeated curves as often as 4 times in the 
same person at short and long intervals and always observed values 
within range of =*= 5%. Figure 3 shows the average curve for the 
normal persons (20 persons). The upper and lower border curves 
represent the borders of the normal. Figure 4 gives the scattering of 
the values obtained in these_20 normal persons. 

Nine cases of patients in cardiac failure with severe edema showed 
all curves within normal limits. 

Three cases of severe edema in the lower part of the body due to 
cirrhosis of the liver showed normal curves in all regions. 



Fig. 6. — The permeability curves of Case R. W. before and after treatment with thyroid. 
The heavy line represents the average normal curve. 


Two cases of severe undernutrition with vitamin deficiencies and 
generalized edema showed very high fluorescein permeability curves. 
The most obvious increase in capillary permeability can be noticed in 
inflammatory reactions. At the side of such a lesion the dye seems to 
pour out of the capillaries and the area is markedly increased in its 
fluorescence as compared to the surrounding tissue. 

Five cases of myxedema, all in women, were observed. All these 
cases had a markedly increased fluorescein permeability curve before 
treatment was instituted. Figure 5 shows the curves obtained from 
tests on the legs of these patients when tlrey were first examined. It 
may be stressed here that the curves of all other test spots of these 
patients were also far above the normal for the regions concerned, and 
that the leg cur\'es are only chosen as an example since our experience 
for this test spot is tlie widest. In 4 cases the circulation time was 
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more or less prolonged. Table 1 shows all the essential data for tliese 
patients at their entrance into the hospital. In all cases the electro- 
cardiogram showed very low T waves in all leads; in 3 of the cases 
low voltage was present. The heart was markedly enlarged in 3 cases 
and moderately enlarged in 2. We Avere able to follow 2 of the cases 
throughout their clinical course until they returned to a normal basal 
metabolism ivith a complete disappearance of the signs and symptoms. 
Two of the patients left the hospital prematurely to return to the care 
of their private physicians and could not be followed further; Avhile 1 
patient died from coronary occlusion before intense treatment could 
be started. The B.M.R. was very low in all cases, and the cholesterol 
and plasma proteins high in all of them. 



Fig. 7. — The electrocardiogram of Case R. W. before and after treatment with thyroid 
at the time of high and normal capillary permeability respectively. 


In the 2 cases AA'hich we Avere able to folloAV throughout their clinical 
course, the permeability curve returned gradually to normal Avith the 
increase of the basal metabolic rate and the return of the ECG to 
normal. One of these cases, which seems to show the clinical course 
and its relation to the capillary permeability is clearly represented in 
Table 2 where all pertinent clinical data are entered. The ECG’s 
before the therapy and after return of the basal metabolic rate and 
permeability curve to normal, are shown in Figure 7. Figure 6 shoAVs 
the permeability curA'es as obtained from this patient at the time when 
the clinical findings as mentioned in Table 2 Avere present. 

Discussion. Finding an abnormally high fluorescence of the skin 
after the injection of the small-molecular dj^e fluorescein in cases of 
mj'xedema can only be explained by a high capillary permeability. 
The argument that the skin of the patient with myxedema may have a 
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higher transparency tlian normal is disproven by two facts. First, 
the edema present in the skin tends to decrease the fluorescence since 
it makes the distance between skin surface and capillary loop wider. 
Second, direct intracutaneous dye injections into a given pre-set depth 
did not show any difference in fluorescence in the skin of these patients 
with myxedema as compared to normals. 

After treatment has been instituted, the permeability curve returned 
rapidly to normal, although no change in the transparency of the skin 
was noticeable. This return of the permeability curve to normal 
coincided with marked loss in weight, abundant diuresis, return of the 
ECG and cholesterol to normal. The plasma proteins returned only 
later to a basic value. 

The amount which diffuses in ultrafiltration through a membrane is 
directly proportional to the pressure. 

Since it is generally agreed tliat in mjocedema the number of capil- 
laries per square millimeter is markedly diminished and since in our 
cases the diffusion of fluorescein was up to 200% of normal, one can 
hardly believe that an increase in intracapillary pressure could have 
caused this increased staining. If this were so and assuming that the 
number of capillaries per square millimeter were decreased by 50%, 
one would have to assume that the intracapillary pressure is increased 
4 times normal. 

This, however, is physiologically impossible. 

It seems, therefore, safe to assume that the decrease in capillary 
permeability under thyroid tlierapy is the causative factor in tlie regress 
of tlie generalized interstitial edema and the polyserous effusions, 
which in turn were caused by an abnormally high capillary permea- 
bility. It may, therefore, further be assumed that tliis high capillary 
permeability is caused by lack of thyroid hormone. There is at 
present no evidence to indicate that tlie lack of thyroid hormone 
causes lack of some other substance Avhich in turn directly causes the 
change in the capillary endothelium. Such a possibility, however, 
cannot be excluded. This effect of the thyroid hormone may also 
explain its diuretic effect in other diseases with a low metabolic rate. 

One other possibility should also be mentioned here. Elmby' 
showed that in mjocedema the reduction capacity as caused by a lack 
in ascorbic acid is markedly decreased. Since ascorbic acid has in all 
probability some influence on capillary permeability this possibility 
must be kept in mind. 

The rapid return of the ECG to normal takes place at the time when 
the permeability curve returns to normal. This seems to indicate that 
in many cases, especially in younger patients, the changes are caused 
much more by the interstitial edema in the heart muscle than by 
actual changes in the coronary arteries. 

Summary. 1. Myxedema tends to form serous effusions, especially 
in the pericardium, and also a generalized edema. There is marked 
interstitial edema in the heart muscle. 

2. A method using the dye fluorescein is described which, by means 
of the Dermofluorometer, a photoelectric skin colorimeter, permits the 
exact estimation of capillary permeability. 
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3. The values found with this method are in a narrow range for 
normal individuals (20 cases). 

4. Cardiac edema and edema of the lower extremities in cirrhosis of 
the liver do not go along with an increased capillary permeability, 
while edema due to undernutrition and severe avitaminosis shows a 
marked increase in capillary permeability. 

5. Five cases of myxedema all showed a marked increase in capillary 
permeability. 

6. With thyroid therapy the permeability rapidly returns to normal, 
simultaneously with a marked diuresis. 

7. The changes in the electrocardiogram before and after treatment 
are partly attributed to this cliange in capillary permeability. 

8. All cases of mjo^edema had a prolonged circulation time which 
returns to normal with effective treatment. 
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FACTORS INFLUENCING THE RETURN OF TOLERANCE FOR 
GLUCOSE IN MIDDLE-AGED OBESE DIABETICS*! 

By Milton Burt Handelsm.vn, M.D. 

MAJOR, M.C., U. B. A. 

With Technical Assistance of David Schultz 

BROOKLYN, N. Y. 

(From the Diabetic Clinic, Long Island Coll. Hospital and Department of Medicine, 
Long Island Coll, of Medicine) 

In recent years there has been renewed emphasis on the mildness of 
the obese cases of diabetes in contrast to the inherent severity of the 
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thin cases. Fetter, Durkin and Duncan® in tliis country and Schmidt'^ 
in Europe have been active exponents of this classification of diabetic 
patients. Draper,* combining anthropologic and clinical studies of a 
large group of patients with diabetes mellitus, reported an 88% cor- 
relation of the mild status of obese “pituitary” cases, and the severity 
of the thin “pancreatic” type. Kepler® has found a relationship 
between the response of patients to protamine zinc insulin therapy and 
clinical grouping based on the age and weight of patients. He found 
that the obese adult diabetic is relatively easily controlled with small 
doses of protamine zinc insulin. Newburgh and ComF“ have reported 
many obese patients with hyperglycemia and glycosuria who had a 
complete return of their carbohydrate tolerance following a reduction 
in their weight. 

The conclusions of a statistical study in this clinic’ pointed out that a 
consideration of diabetic patients, whose diabetes manifested itself 
after the age of 40 years and who were obese at the onset, must follow a 
kinetic rather than a static viewpoint. The response of a diabetic to 
treatment at the onset of his illness gives only a snap-shot of an epi- 
sode, while the disease goes on for manj’- years. Several factors that 
alter the course of the disease were pointed out; these factors change 
the clinical picture so that varying degrees of severity eventually 
occur in patients with originally mild diabetes. Further studies of 
these factors form the purpose of this report. 

Methods and Results. _ Fiftj'-five ambulatory diabetics were selected at 
random in the Diabetic Clinic of the Long Island College Hospital. All these 
patients were markedly obese and over the age of 40 years at the onset of their 
diabetes. Patients whose diabetes was of long duration and who were not 
seen by a member of the clinic at the onset of the disease were instructed to 
bring old photographs to substantiate their obesity. Old hospital records were 
found for many of the long-standing cases yielding data concerning the nature 
of the onset of the diabetes in some patients 10 to 15 years before this study. 

All obese patients Avere initially put on loAv-caloric diets until the glycosuria 
was absent and the patients lost Aveight. Small additions of carbohydrate- 
containing foods Avere later made Avhen the patient’s condition improA'^ed until 
the carbohydrate content of the diet Avas aboA^e 180 gm. Patients Avho AA'ere 
obese at the onset but had lost Aveight before the time of this study, Avere 
usually given diets containing C50, P75, F60. In all cases it AA'as attempted 
to render the urine free of sugar and to bring the fasting blood sugar to normal 
levels. 

The final estimation of the ability of a patient to regain tolerance for carbo- 
hydrate Avas made, bearing Wilder’s cautions'^ in mind. In this series, no 
patient had complications knoAvn to aggravate the derangement of carbo- 
hydrates metabolism, such as infections, liA'^er disease, hyperthyroidism, preg- 
nancj'^, acromegaly, etc. Since remarkable increases in the glucose tolerance 
of patients under treatment may come as long as 1 year after therapy is started, 
the case records of the patients herein reported Avere rechecked 4 j'ears after 
the original study. In no case AA'as the first estimation of tolerance found to be 
AATOng. 

A modification of the 2-dose oral glucose tolerance test of Exton and Rose' 
Avas employed. Twenty-five grams of dextrose instead of the usual 50 gm. 
Avere giA'en in each dose since all of the patients AA'ere knoAvn diabetics. Glucose 
tolerance tests that proA'ed to be normal AA'ere repeated (1 exception) AA'ith 
tAA'o 50-gm. doses. Capillarj' blood sugars Avere estimated bj' the method of 
Hagedorn and Jensen® with double deteiminations. 
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Glucose tolerance tests were done at varying intervals on each patient. 
Only the final test is given in this report. The blood sugar after the second 
dose is considered the best criterion of poor response to glucose, as also recom- 
mended by the Mayo group. Only the first obtainable urine reports and 
fasting blood sugars are given, since the first glucose tolerance tests in some 
patients were done after treatment was started. 

Table 1.^ — Patients With Diabetes of Relatively Recent Onset (All Patients 
Obese and Over Age op 40 Years at Onset) 


Exton-Rose test<* 




Before treatment 

blood glucose 







fasting glucose 



'' 

„ 







X 

' 


1st 

2nd 

CHO 

Loss 





Blood 


Fast. 

4 hr. 

4 hr. 

of 

in 

Duration 

Insulin 



(mg. per 


(mg. per (mg. per (mg. per 

diet 

weight 

of 

P.Z. 


Sex 

100 cc.) 

Urine 

100 cc.) 

100 cc.) 

100 cc.) 

(gm.) 

(lb.) 

diabete.s 

(units) 



Group A. 

Patients Losing Weight During Treatment (14 Patients) 


M.N. 

F 

300 

4" 4~ 

116 

139 

157 

230 

70 

R 


F.S. 

F 

175 

4- 

99 

124 

143 

208 

21 

R 


W.L. 

M 

124 

4" 4" 

117 • 

147 

154 

220 

15 

R 


M.B. 

M 

215 

4- 4-4-4- 

92 

140 

151 

200 

25 + 

R 


M.M. 

F 

224 

4-4- 

107 

153 

167 

202 

23 

R 


N.R. 

M 

130 

4" “i* 

97 

132 

157 

207 

21 

R 


M.K. 

F 

207 

4-4-4-4- 

85 

118 

124 

200 

38 

1 yr. 


R.H. 

F 

231 

4-4-4- 4- 

116 

194 

218 

200 

24 

1 yr. 


A.S. 

M 

221 

4-4-4-4- 

121 

149 

187 

167 

30+ 

1 mo. 


M.D. 

F 

315 

4" "b 4- 

105 

150 

196 

200 

7 

R 


W. 

M 

172 


113 

145 

192 

180 

38 

9 mos. 


M.R. 

F 

180 

4* 4" 4■ 

129 

204 

247 

180 

15 

1 mo. 


R.S. 

F 

350 

"^■ 4” 4* 4- 

108 

148 

179 

175 

31 

1 yr. 


P.D. 

M 

325 

4- 4* 4- 4- 

112 

162 

198 

200 

28 

R 



Group B, Patients Who Lost Weight Before Treatment Was Instituted {13) 


A.H. 

F 

7 

+ + + + 

125 

143 

218 

150 

60 

5 yrs. 


F.R. 

F 

293 

+ + + + 

114 

167 

232 

110 

27 

G mos. 


J.S. 

F 

300 

+ + + + 

122 

188 

237 

160 

38 

7 mos. 


E.M. 

F 

7 

+ + + + 

no 

177 

222 

160 

32 

3 mos. 


M.T. 

F 

3ii 


132 

215 

253 

210 

36 

2 mos. 


A.C. 

M 

404 

+ + + + 

160 

191 

237 

165 

36 

1 mo. 


E.S. 

F 

386 

+ + + + 

131 

222 

247 

165 

37 

3 yrs. 


,T.C. 

M 

401 

+ + + + 

177 

231 

263 

100- 

22 

4 yrs. 


M.R. 

M 

265 

+ + + + 

120 

158 

210 

180 

95 

6 mos. 


M.Y. 

F 

7 

+ + + + 

119 

132 

210 

220 

20 

9 mos. 

10 

•I.V. 

M 

182 

+ + + + 

96 

131 

181 

210 

41 

1 yr. 

14 

C.M. 

F 

7 

+ + + + 

134 

201 

264 

213 

32 

2 yrs. 

13 

A.P. 

F 

237 

+ + + + 

123 

182 

253 

190 

33 

2 mos. 

20 

Group C. 

Patients TP/io Rcslricled CHO Exit Did 

Not Lose Weight (a Patients) 

M.B. 

F 

7 

+ + + + 

130 

187 

263 

175 

5 

2 yrs. 


M.R. 

M 

7 

+ + + + 

132 

170 

234 

200 

0 

5 yrs. 


F.U. 

F 

163 

+ + + + 

147 

159 

177 

170 

0 

3 yrs. 


B.B. 

M 

275 

+ + + + 

140 

155 

228 

60 

0 

1 yr. 


F.M. 

M 

255 

+ + + + 

152 

223 

297 

150 

8 

R 


J.B. 

F 

7 

+ + + + 

150 

184 

228 

165 

5 

R 


A.C. 

M 

300 

+ + + + 

150 

224 

259 

150 

0 

R 


F.C. 

M 

294 

+ + + + 

178 

223 

248 

100 

15 

R 



R represents diabetes recently discovered. 
* Modified; see text. 


The tables given below summarize the results of the stud3^ Table 1 includes 
patients who were obese and whose hyperglycemia and glycosuria were of 
relatively recent onset. The sub-groups are divided according to whether the}" 
had lost weight or not and also as to whether the loss in weight was due to 
treatment or neglect. Table 2 includes patients who also were overweight at 
the onset and who also were older than 40 years; however, the present study of 
these patients was made a long time after the diabetes was first found. Table 3 
tabulates the patients who did not cooperate and who did not adhere to the 
prescribed diets. 

The results will be discussed in light of 4 factors: (1) the weight loss factor; 
(2) the length of time between the onset of the illness and treatment- (3) the 
cooperation of the patient; (4) the age of the patient. ’ 

The Weight Loss Factor. Newburgh and Coim^° studied obese middle- 
age patients who had previously been classified as ttue diabetics 
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because of hyperglycemia and glycosuria. When the ^A'eights of these 
patients were reduced by dieting to an ideal level, it was found that 
glucose tolerance tests became normal. The work of these authors 
would lead to the belief that most of the obese middle-aged patients 
who have glycosuria and hyperglycemia fall into this class. In our 
series of 55 cases, 14 patients (Group A) were all abnormally obese and 
were older than 40 years. The glycosuria and hj-perglycemia had been 
discovered recently; they all cooperated fairly well in dieting. Only 7 
of these patients had normal glucose tolerance tests after varjdng 
periods of time, while 7 did not, despite a reduction of their weight to 
ideal levels. 

Table 2.— Patients With Diabetes of Long Duration (Past History Revealing 
That They W^ere Obese and Over age of 40 Years at Onset) 
Exton-Rose test** 

Before treatment blood glucose 

fasting glucose , 

' let 2nd CHO Loss 

Blood Fast. { hr. i hr. of in Duration Insulin 

(mg. per (mg. per (mg. per (mg. per diet weight of P.Z. 

Sex 100 cc.) Urine 100 cc.) 100 cc.) 100 cc.) ■ (gm.) (lb.) diabetes (units) 

Group D. Patients Remaining Obese for Many Years But Recently Attempting 
Diabetic Control (7 Patients) 


6.P. 

F 

393 

+ 4- 4* 

187 

238 

217 

145 

0 

8 JTS. 

30-0-0 

L.M. 

F 

244 

4- 4" 4" 

244 

316 

326 

160 

7 

7 yrs. 

0 

P.S. 

F 

7 

4'4-4”4” 

270 

318 

448 

180 

23 

8 yrs. 

0 

S.B. 

F 

346 

4- 4-4-4- 

232 

328 

400 

60 

n 

7 yiB. 

0 

M.C. 

F 

246 

-{"44-4" 

192 

224 

311 

125 

5 

15 yrs. 

15-0-15 

R.I. 

F 

7 

4* 4-4-4- 

190 

259 

281 

no 

10 

13 yrs. 

0 

J.A. 

F 

7 

-44-4-4- 

17S 

221 

269 

125 

0 

8 yrs. 

25-10-10 


Group E. Patients Who Are Thin and Now Attempting Diabetic Control (5 Patients) 


E.H. 

F 

7 

++++ 

116 

128 

143 

150 

36 

10 yrs. 

5-5-5 

A.M. 

F 

7 

+ + + -F 

132 

148 

184 

150 

21 

5 yrs. 

10-0-10 

A.G. 

F 

7 

-F-1-4- + 

151 

182 

267 

150 

40 

10 yrs. 

10-0-10 

A.K. 

F 

? 

-b'-f'-F-t" 

166 

195 

200 

150 

50+ 

13 yrs. 

15-15-15 

K.J. 

F 

? 

+ + + + 

143 

200 

267 

180 

92 

12 yrs. 

10-0-10 


* Modihed; see text. 


Thirteen other patients of the same age group (Group B) gave the 
history of having been excessively obese relatively recently, but had 
lost considerable amounts of weight in'spite of continued eating before 
coming to the clinic. Most of these patients did not know they had 
glycosuria before being examined. Limitation of their food consump- 
tion to a low-caloric level was followed by marked improvement of the 
total carbohydrate tolerance as manifested by the fact that larger 
diets could be subsequently given with the urines remaining sugar free 
and the fasting blood sugar returning to a normal level. Despite the 
previous loss in weight which in many cases was greater than in 
Group A, none of these patients demonstrated a normal glucose toler- 
ance test after repeated follow-up studies. Even those cases treated 
with protamine zinc insulin did not have normal glucose tolerance 
tests after they had become "sugar free.” 

Group C in Table 1 includes patients similar to those reported by 
Newburgh and Conn.^® These patients were indistinguishable from 
those in Group A as far as history and physical characteristics are 
concerned. However, they only restricted their carbohydrate intake 
but did not dimmish the total food consumption sufficiently to insure 
loss of weight. Although the urines of these patients were rapidly 
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cleared of glucose, the fasting blood sugars never remained at a normal 
level and the postglucose blood sugars rose excessively. As Newburgh 
pointed out, one could expect many of these patients to have a com- 
plete return of their tolerance for carbohydrate if there had been a 
reduction of weight. 

The different results in these 3 groups of patients demonstrate that 
loss in weight is an important factor in the obese middle-aged people 
whose glycosuria and hyperglycemia is of recent onset. It is, however, 
not the sole factor to be considered, since the manner in which the 
weight is lost is important. Dietary restriction causing weight loss was 
followed by a remarkable improvement in both clinical responses to 
treatment as well as laboratory evidence, whereas unlimited eating led 
to weight loss which was followed by a permanent diminution in 
glucose tolerance. 

It is possible that this difference may be due to the existence of 2 
types of obese middle-aged patients with glycosuria and hyperglycemia, 
one type gaining weight as they overeat, and another group losing 
weight following excessive indulgence in food. If this be so, there 
seems to be no way to make a clinical differentiation at the time when 
both are overweight. 

The Length of Time Between Onset and Treatment. In a previous 
report,’ we attempted to point out the differences between adult 
patients with diabetes of recent onset and those of long duration. The 
rapid recovery of the ability to assimilate carbohydrate, found in 
properly treated obese patients whose diabetes was of relatively 
recent onset, stood out in contrast to the response of obese patients 
with long-standing diabetes. On the latter there seemed to be a fixation 
at a low level of the power to assimilate carbohydrates. To illustrate 
this, the response of 4 obese patients, 2 of recent onset and 2 of long 
duration, is included. The modified 2-dose glucose tolerance tests are 
given as well as the carbohydrate content of the diets at the time the 
tests were made. 

Case Studies. Case 1. Recent Onset. L., age 52, male, sales clerk, 
markedly obese. Glycosuria was discovered during a routine examination 
1 week before treatment was started. At the time, the fasting blood sugar was 
164 mg. per 100 cc. but no glucose tolerance test had been done. 




Blood sugars 
(mg. per 100 cc.) 

Urine 

Fast. 1 hr. 

Length of 
treatment 

Diet 

1st 

Fast. j hr. 

2nd 
i hr. 

Onset 

7 days 

20 days 

Unlimited 

COO for 1 wk. 
C220 for 2 wks. 

164 

124 181 

117 147 

243 

154 

+ + + + 

0 + + + + 

0 0 

Total weight lost during this time was 15 pounds. 



Case 2. 

Recent Onset. M.K., 

age 49, colored housewife, vert' obese at onset. 



Blood sugars 
(mg. per 100 cc.) 

Urine 

Fast. 1 hr. 

++++ ++++ 

0 + + 

0 

Length of 
treatment 

Onset 

50 days 

7 months 

Diet 

Unlimited 

ClSO for 2 wks. 
C200 for 2 wks. 

1st 

Fast. J hr. 

207 287 

149 203 

85 118 

2nd 

1 hr. 

326 

287 

124 

Total weight lost was 38 pounds 
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The recovery of the ability to utilize carbohydrates in these patients 
was shown by: (1) complete disappearance of the glycosuria; (2) the 
continued absence of glycosuria despite additions of carbohydrate to 
the diet; (3) the tendency for the fasting blood sugars to continue to 
fall to normal; and (4) the glucose tolerance tests approaching the 
normal standards. In most cases the glycosuria disappeared by the 
1st or 2nd week and the fasting blood sugar was decidedly lower by this 
time although it did not always return to normal level until several 
months had elapsed. In this same length of time, many obese cases 
with long-standing diabetes showed none of these characteristics. In 
fact, many times the urinary sugar and blood sugar increased when on 
I’estricted diets, as in the next 2 cases. 

Case .3. Diabetes of 13 Years Duration (plus). R., age 54, housewife. The 
patient had been followed in the clinic for 13 years. Her old records showed 
that bj" dieting she could readily clear up her glycosuria, however, she was a 
“chronic cheater” and remained obese. She had refused insulin for all these 
years despite continued glycosuria. The present study was performed when 
she was hospitalized for study of a recent precordial pain and for dietary reg- 
ulation. In the hospital, hj^pertensive heart disease was found; the EKG was 
normal. A diet containing 1130 calories was given for 3 weeks irhile she was 
studied; no insulin was used. “Traces” of sugar were usually present in her 
urine. The fasting blood sugars tended to rise and more sugar appeared in the 
urine during this time despite a loss of weight. The following tests were 
performed while the patient was in the hospital; the tests which were per- 
formed while she was treated in the clinic are not included because of the 
probability that she did not rigidly adhere to her diet. 





Blood sugars 
(mg. per 100 cc.) 


Urine 

Length of 



1st 

2n(l 



I'ost 

treatment 

Diet 

Fast . 

} hr. 

5 iir. 

Onset 

C1.35 POO F05 

100 

215 

263 

4- + 

18 days 

Clio P60 F50 

192 

259 

281 

+ + + 


Total loss of 11 pounds in 18 days. 

The stud}”^ was discontinued so that insulin could be started. She subsequently 
received insulin 20-10-10 to regulate the diabetes. 

Case 4. Diabetes of 10 Years Duration (plus). J., age 55, housewife. This 
patient was a known diabetic for 7 years. She remained obese, eating large 
quantities of candy, cake, etc., and did not paj’’ attention to the pruritis, 
polydipsia, etc. She entered the hospital because of a severe neuropathy. In 
the hospital she was kept on a 900-calorie diet for over a week. During this 
time, the urine continued to give a brick red "Benedict's” reduction and the 
fasting blood sugars rose from 314 to 322 mg. per 100 cc. despite a loss of 
4 pounds in weight. 

Blood sugars 
(mg. per 100 cc.) 


Urine 


Length of 
treatment 

Diet 

Insulin 

Fast. 

Ist 
i hr. 

2nd 
i hr. 

Fast. 

Onset 

“Restricted” 

None 

314 

N.D. 

N.D. 

+ + 

9 days 

C60-900 cal. 

None 

322 

340 

354 

4-4- + + 

7 days more 

C125-1400 cal. 

30 P.Z.I. 

266 

309 

341 

4- 4-4-4- 

4 days more 

C125-1400 cal. 

45 P.Z.I. 

202 

231 

326 

4- 4-4-4- 

2 months 

C125-1400 cal. 

25-10-10 

175 

221 

269 

-f- 


There was a total loss of 17 pounds during this period. 


In this series of 55 obese diabetics, there were 7 patients (Group D in 
Table 2) who had remained markedly obese during many years because 
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of neglected treatment. Some had been given “free diets” with “insulin 
to cover.” All of these patients were persuaded to attempt diabetic 
control witlr low-caloric diets; none of these patients demonstrated an 
ability to regain carbohydrate tolerance after losing weight. Four of 
these 7 patients were hospitalized; the course in the hospital corrobo- 
rated the experience in the clinic. The 2-dose glucose tolerance tests 
after they had been on low-caloric diets were uniformly bad. The 
fasting blood sugar values were always higher than normal, and the 
postglucose responses were markedly exaggerated. To 5 of these 7 
patients, the inability to reduce the glj'^cosuria with diet alone came as a 
surprise, since they had been able to do so in the past. Such histories 
suggested tliat the persistent and long-standing neglect in restricting 
the caloric intake led to a progression in the severity of the diabetes 
ending in a permanent depression of the glucose tolerance. 

The fact that both the length of time a patient has had improper 
treatment as well as the lack of adequate weight reduction seem to 
impair the ability of middle-aged obese diabetics to regain tolerance for 
carbohydrate raises the question as to which of the two is more im- 
portant. In the diabetic clinic we have followed many patients 
similar to those in Group A in whom there has been no return of 
glycosuria or hyperglycemia after 8 years; this coincides with New- 
burgh’s findings. However, a study of the 5 patients in Group E 
(Table 2) was informative. These patients had been markedly obese 
at the onset of their diabetes many years before the present study. 
Most of them gave a typical history of having followed a restricted 
dietary regimen for variable periods of time after the diagnosis had 
been made. However, after they had lost weight they became more 
careless in dieting, leading to a return of a severe diabetic state. For 
the most part, low-caloric diets given during the present studj^ de- 
creased the glycosuria and lowered the fasting blood sugar. Insulin 
had to be given early in the course of treatment because of obvious 
difficulty in keeping such patients on low-caloric regimen. A com- 
parison of the end-results of treatment of these “thin patients with 
long-standing diabetes” (Group E) with “thin patients with diabetes 
of recent onset” (Group B) is interesting. All of the former had a 
definitely lowered tolerance for carbohydrate tlian the latter, as evi- 
denced by the fact that all of the former needed insulin and the diets 
could not be raised to as high levels witliout a return of glycosuria. It 
was interesting to note, however, that the 2-dose glucose tolerance 
tests (which were performed after unmodified insulin had been given 
on the previous day) were of “moderate severe degree” in contrast to 
the tests obtained in “obese patients with long-standing diabetes 
(Group D) which were exceedingly bad.” These findings suggest that 
prolonged neglect in the treatment of the mild adult form of diabetes 
leads, after a period of time, to a restriction in the amount of carbo- 
hydrate that the patient can consume, but that the patient’s ability 
to manage glucose efiiciently is not as markedly impaired by this 
factor as it is by lack of an adequate reduction in weight. 

It must be pointed out tliat most of the patients reported here as 
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having “long-standing diabetes” had the diagnosis originally made over 
7 years before the present study. Because of the small number of 
cases reported here, an adequate estimation of the length of time that it 
takes for the diabetes to progress cannot be made. 

The Cooperation of the Patient. In a recent study, Cohvelh claimed 
that diabetes mellitus became progressively more severe in all patients, 
and that the rate of progression was more or less determined at birth. 
He found in his large series of patients that treatment altered the 
natural course of the disease for only a few years, after which the pro- 
gressiveness again manifested itself. This is in contrast to the views of 
many older clinicians, such as Naunyn, who found that diabetes could 
be checked by dietary management. In this study, it was obvious that 
cooperation on the part of a patient in following dietary prescriptions 
was a very important factor in the eventual results. For instance, 
when separating the patients in Group A from those in Group C, the 
chief criteria were that the former cooperated strictly and lost weight, 
whereas the patients in the latter group restricted their food intake 
sufficiently to become aglycosuric, but not to the extent that they 
could lose weight. Differences in cooperation are stressed when non- 
diabetic obese patients are studied, but are not emphasized in diabetic 
literature. However, the extreme importance of this factor in diabetics 
was shown by the fact that careful adherence to the low-caloric regimen 
by patients in Group A was rewarded by a return to normal carbohy- 
drate tolerance in at least 50% of the cases, and by the fact that none 
had glycosuria after the oral administration of 50 to 100 gm. of glucose. 
Patients in Group C did not show such excellent results. Their 
fasting blood sugars remained elevated and although the postabsorptive 
urine contained no glucose, most had glycosuria after the administra- 
tion of two 25-gm. doses of glucose. 


Table 3 . — Patients Who Are Obese and Over Age of 40 Years (Not Cooperating 

With Dieting) 

Exton-Rose test** 




Before treatment 

blood glucose 







fasting glucose 

— ^ 







. — 


Ist 2nd 

CHO 

Lobs 





Blood 

Fast, 1 hr. } hr. 

of 

in 

Duration 

Insulin 



(mg. per 

(mg. per (mg. per (mg. per 

diet 

weight 

of 

F.Z. 


Sex 

100 cc.) Urine 

100 cc.) 100 cc.) 100 cc.) 

(em.) 

(lb.) 

diabetes 

(units) 




Group F. 

Cases Similar to Group A (S Patients) 



G.P. 

F 

320 

+ + + + 

222 287 324 

GO? 

14t 

1 JT. 

0 

B.F. 

F 

254 

4" + + + 

219 281 336 

2007 

19t 

h yr. 

0 

R.N. 

M 

7 

+ + + + 

150 255 353 

215 

0 

i yr. 

40—0-0 




Group G. 

Cases Similar to Group E (5 Patients) 



A.C. 

F 

7 

+ + + + 

170 200 250 

105 

30 

14 yrs. 

20-0-0 

M.M. 

F 

325 


204 242 285 

180 

50 

11 yrs. 

22-0-0 

F.M. 

F 

320 

+++ + 

197 202 300 

150 

40 

12 yrs. 

0 

I.N. 

F 

7 

+ + + + 

286 298 348 

180 

40 

7 yrs. 

15-0-10 

C.M. 

F 

122 

+ + 

221 314 385 

170 

58 ■ 

9 yrs. 

0 


* Modified; see text, 
t Gain of W’eight. 


The differences in the results just mentioned were due to relatively 
minor infringements in dieting. An additional 8 patients did not 
restrict their food intake at all. Three of these (Group F, Table 3) 
should have had results similar to Group A or Group C since they were 
also obese, over the age of 40 years at onset and the diabetes was dis- 
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covered shortly before this study. However, because of constant mis- 
behavior they had very high fasting and postglucose blood sugars. All 
3 were subsequently given protamine zinc insulin, which did not clear 
up the glycosuria. Similar results were found by Fetter, Durkin and 
Duncan^ who pointed out that obese diabetics cannot be controlled 
by insulin alone W'hen they do not restrict their diets at all. The 
patients later become the "obese cases with long-standing diabetes” 
who after 6 or 7 years do not have a return of carbohydrate tolerance 
even when dieting strictly. 

Another interesting contrast was presented by the 5 patients in 
Group G in Table 3. These patients had lost tremendous amounts of 
weight because of lack of proper dieting over many years. The fact 
that their weight had been reduced to normal or below did not alter 
the necessity for dieting. The high-fasting and postglucose blood 
sugars were reflections of the patient’s lack of adherence to a proper 
diet. It is our impression that these patients with diabetes neglected 
over many years feel better when their blood sugars are allowed to 
remain at a higher level; we do not attempt to obtain rigid chemical 
control in the clinical management of such patients. For this reason, 
it is emphasized that the results found in Group G are included merely 
for comparison wdth those obtained in Group E, since both had similar 
clinical backgrounds, but they differed in the degree of cooperation 
in dieting. 

The Age Factor. Statistical studies have shown that incidence of 
obesity becomes the most important factor in the etiology of diabetes 
at the period of life that may be called "the beginning of middle age.” 
As was demonstrated above, the presence of obesity is the most im- 
portant factor influencing the progression of the disease. However, 
the age factor cannot be overlooked. Colwell’s^ studies show that the 
rate of progression of diabetes is slower when the disease manifests 
itself clinically at a later age. Thus the earlier the age of onset, the 
severer is the future course of the diabetes. In this clinic, the onset of 
the diabetes at 40 years of age is selected as the dividing line between 
so called "middle-aged obese” and young diabetics. Others have chosen 
35 years to 45 years as the dividing age of onset. One of the chief 
criticisms leveled against the grouping of diabetics according to age 
and weight is that there are too many exceptions when any one single 
age level is chosen. Against these objections are the many advantages 
of making these groupings so that early diagnosis, definitive treatment, 
and specific aims in therapy can be emphasized as has been done 
above. The age of onset "was selected as 40 years because we have 
seen many obese patients between the age of 35 years and 40 years 
(particularly women whose diabetes was found during pregnancy) 
whose deranged carbohydrate metabolism rapidly became wmrse'even 
with treatrnent within a period of 3 to 5 years. In contrast, w^e have 
seen exceptionally few obese diabetics w^hose disease seemed to manifest 
itself after the age of 40 years who have not had a mild subsequent 
course. In fact, in patients w^ho cooperated well, the disease became 
milder wdth time. 
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Conclusions. Obese patients who are o^^er 40 years of age wlien they 
fipt have glycosuria and hyperglycemia should be treated by rigid 
dietary restriction aiming for reduction of weight, for disappearance 
of glycosuria, and for a physiologic blood sugar level. When treated 
in this manner, there may be a remarkable return of tolerance for car- 
bohydrate. Careful cooperation in following the dietary prescription 
on the part of the patient is needed to obtain these results. 

The diagnosis of diabetes must be made early in such patients, 
because if weight is lost by neglect in treatment, the ability to regain 
tolerance for carbohydrate becomes impaired. Response to treatment 
in such patients is still good, particularly when protamine zinc insulin 
is used. 

Obese patients who neglect treatment for many years and remain 
obese, lose the ability to regain their tolerance. They become difficult 
to treat. Diet therapy in these patients seems to be of little value. 
Their blood sugar levels remain elevated even with insulin. Those 
patients who neglect treatment for many years and who eventually 
lose weight also show diminished tolerance, but the management of 
the deranged glucose economy is less difficult than in those who 
remained obese. 

Summary. 1. Glycosuria and hyperglycemia occurring in obese 
patients after the age of 40 years represent a temporary decrease in the 
patient’s tolerance for carbohydrate. 

2. Prompt treatment consisting of weight reduction by means of 
low-caloric regimens can lead to a remarkable return of the patient’s 
tolerance for glucose. In some cases, the deranged carbohydrate 
tolerance becomes normal. 

3. A kinetic viewpoint must be maintained when viewing the course 
of these cases. The most important factors diminishing the ability of a 
patient to regain carbohydrate tolerance are: (a) the lack of proper 
weight reduction; (b) delay in treating the patient over a period of 
years; (c) poor cooperation on the part of the patient in following a 
dietary regimen which aims at effecting a weight loss; (d) the onset of 
the diabetes at an early age. 
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Previously reported studies from this laboratory of hormonal 
changes during pregnancy^-®'’ have been primarily concerned with 
toxemia and have indicated that preeclampsia and eclampsia in diabetic 
as in non-diabetic women are characteristically preceded and accom- 
panied by a typical imbalance as revealed by aberrations from the 
normal in the measurable hormones or hormonal products of the blood 
and urine. An abnormal rise in the chorionic gonadotropin (C.G., 
A.P.L., prolan) of the serum 4 to 8 weeks prior to any clinical signs is 
the most easily detected of these changes, but has been a less con- 
sistent finding than urinary evidence of a changed metabolism of the 
placental steroids involving a progressive deficiency of estrogen and 
progestin and culminating in more rapid destruction of estrogen. 

In our early studies of diabetic pregnancies, there was some indica- 
tion that the same hormonal abnormality which typifies preeclampsia 
and eclampsia also pertained in those accidents of late pregnancy 
involving death of the offspring, a frequent occurrence in diabetic 
women. As a result of our findings and at our instigation, administra- 
tion of estrogenic and progestational substances to diabetic patients 
showing an abnormal rise in serum C.G. has been given a rather extensive 
trial at the George F. Baker Clinic of the New England Deaconess 
Hospital. Articles from this laboratoryi-^'®-® have covered our studies 
of 33 of the cases reported independently from that clinic.i^““ The 
present investigation, conducted entirely on diabetic women to whom 
no hormones Yvere administered, was undertaken primarily Yvith the 
purpose of obtaining more complete data concerning the consistenc.^' 
of the relationship betYveen hormonal abnormalities and the develop- 
ment of later clinical mishaps, particularly those involving fetal or 
neonatal death. We were also interested in following the metabolism 
of the placental steroids from an earlier period of gestation than has 
previously been studied except in normal pregnancy. 

* The Mrs. William Lowell Putnam Investigation of the Toxemias of Pregnancy 
mded by ^ants from the Committee for Research in Problems of Sex of the National 
Research Council. 
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Material and Methods. In 16 pregnant women with diabetes, serum C.G. 
was measured at 1- to 2-week intervals starting between the 16th and 29th 
weeks. In 8 of them, the metabolism of the placental steroids was also studied 
by repeated quantitative analyses of 24-hour specimens of urine for estrogen 
metabolites. The same methods of analysis of serum^ and urine®-® were used 
as in previous studies except that estrone and « estradiol fractions were 
separated by a micro-modification of the Girard method and assayed indi- 
vidually rather than depending upon the difference in activity before and after 
treatment by semicarbazide for the estimation of estrone. Urinary preg- 
nanediol was not measured, since previous findings indicated that the excretion 
of this compound runs roughly parallel to that of estriol, and gives no informa- 
tion about the metabolism of progestin that is not more adequately provided 
by determining the amount and partition of the separated urinary estrogens 
and the amount of additional potency that may be derived from urine by 
hydrogenation with zinc and HCl. 

Table 1.— Clinical Notes on Prbviodb Phegnancies and Diabetes 
Date of 

this History of previous Diabetes first Daily insulin 


Name 

Age 

Parity 

pregnancy 

pregnancies 

diagnosed* 

requirementB 


Cases With Abnormal Elevation of Scrum Chorionic Gonadotropin 

R. S. 

23 

II 

1942^3 

1 stillborn 

1939 

Fol. Ist dely. 

1939 

72 U. Prot. Zn 
25 U. reg. 

E. C. 

38 

III 

1941-42 

2 stillborns 

1930, 1931 

1923 

32 U. Prot. Zn 
20 U. reg. 

E. H. 

30 

I 

1941-42 


This preg. 

26th week 

12 U. Prot. Zn 

J. L. 

27 

I 

1941 

— 

This preg. 

23rd week 

None 

F.L. 

19 

I 

1940-41 


1938 

90 U. reg. 

E. S. 

25 

I 

1942-43 

.... 

1929 

35-40 U. Prot. 
Zn 

12 U. reg. 

S. L. 

26 

I 1941-42 1931 

Cases With Normal Serum Chorionic Gonadotropin 

60-80 U. reg. 

C. H. 

25 

I 

1942 


1939 

80-120 U. reg. 

M. M. 

36 

II 

1942 

1 stillborn 

1932 

1933 

30-45 U. reg. 

E. D. 

21 

II 

1941 

1 nor. 1939 

1938 

70 U. Prot. Zn 
20 U. reg. 

E. B. 

26 

II 

1941 

1 nor. 1939 

Last preg. 1939 

12-28 U. reg. 

L. S. 

39 

X 

■ 1942 

8 nor., 1 misc. 
1925-1939 

This preg. 

1st visitt 

16 U. Prot. Zn 

D.H. 

23 

I 

1942-43 


1938 

52 IT. Prot. Zn 
20 U. reg. 

E. F. 

23 

I 

1941-42 

— 

1940 

52-72 U. Prot. 
Zn 

A. P. 

29 

V 

1940^1 

4 nor. 

1930-38 

This preg. 

28th week 

None 

I. S. 

37 

IV 

1941-42 

3 nor. 

1924-1936 

This preg. 

23rd week 

16-40 U. reg. 


* Glycosuria with or without symptoms, a glucose tolerance curve of the diabetic type 
and a fasting blood sugar of 140 mg./lOO cc. or over, 
t Excessive thirst since 1940. 


Serum Chorionic Gonadotropin and Later Accidents. Clinical data in 
relation to the values for serum C.G. are summarized in Tables 1 and 2, 
and indicate that neither the duration nor the severity of the diabetes 
are factors in an abnormal elevation of serum C.G. Furthermore, the 
incidence of toxemia and the size or condition of the offspring appear 
to be unrelated to the history or severity of the disease. All of the 
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patients were seen at weekly intervals throughout pregnancy by one 
of us (D.H.) for careful control of the diabetes. 

Table 2.— Clinical Notes on the Pregnancies Studied 
Late pregnancy toxemia* Delivery Condition of offspring 


Week of 


Name 

Alb. 

Hyp. 

Ed. 

S.S. 

Conv. 

gestation Ts’pe 


Cases TFffA Abnormal Elevation of Serum Ch 

R. S. 

- 

- 

- 

- 

- 

40 

Spont. 

E. C. 

-k 

- 

-k 

- 

- 

34 

Cesarean 

E. H. 

-f 

_ 

+ 

— 

_ 

39 

Spont. 

J. L. 

+ 

— 

+ 

— 

— 

40 

Spont. 

F. L. 

+ 

-k 

+ 

+ 

-k 

39 

Induced 

E. S. 

+ 

+ 

+ 



35 

Spont. 

S. L. 

+ 

+ 

-k -k — 3SJ Induced 

Coses With mal Serum Chorionic 

C. H. 

-k 

_ 

+ 

_ 

— 

39 

Induced 

M. M. 

+ 

-k 

-k 


— 

37 

Spont. 

E. D. 










35 

Spont. 

E. B. 

— 

— 

— 


~ 

365 

Spont. 

L. S. 

- 


_ 

- 


32 

Spont. 

D. H. 

- 

- 

- 

- 

- 

44 

Spont. 

E. F. 



— 

_ 

_ 

39} 

Spont. 

A. P. 

— 

— 

— 

— 

— 

40 

Spont. 

I. S. 

— 

— 

— 

- 

— 

40 

Spont. 


Weight 
trionic Gom 
Macerated 

61b. 11 02. 
81b. 

9 lb. 4 02. 
81b. 3 02. 
Macerated 

Slb.lloz, 


Stillborn; died 3 wks. 
pre-part. 

Intrant, asphj'xia. 

cyanosis, survived 
Normal 
Normal 
Normal 

Stillborn; died 2 wks. 
pre-part. 

Died 36 hrs. post-jjart., 
left subarachnoid 
hemorrhage 


61b. 4 02. 
61b. 12 02. 


7 lb. 8 02. 
81b. 4 02. 

Macerated 

Macerated 

61b. 14 02. 
11 lb. 4 02. 
81b. 14 02. 

♦ The abbreviations in the subheadings stand for the follouing; alb. 


hypertension; ed. 
convulsions. 


Normal 

Stillborn, intraut. 
asphjTcia ; died 3 days 
pre-part. 

Normal 

Died 15 hrs. post-part., 
intraut. pneumonia, 
adrenal hemorrhage 
Stillborn; died 1 wk. 
pre-partum 

Stillborn; died 6 wks. 

pre-partum 

Normal 

Normal 

Normal 

= albuminuria; hyp. = 


abnormal gain in weight or visible edema; S.S. = subjective symptoms; conv. 


A 71 Early Elevation of Serum. C.G. This abnormality was detected 
in 7 of the 16 patients between the 25th and 33rd weeks of gestation.* 
Six of these developed toxemia of varying degrees of severit}^ at 31 to 37 
weeks and the 7th (R.S.) had intrauterine death at 37 weeks with no 
other clinical abnormality. In 3, toxic signs were mild, being limited 
to albuminuria and edema. One of these (E.C.) was delivered by 
cesarean section during the 34th week because of failure to control 
increasing albuminuria by conservative measures together with a 
history of stillbirth in each of 2 previous pregnancies. The 6 lb. 11 oz. 
baby was cyanotic for several days but survived. The other 2 had 
normal deliveries at term of rather large but perfectly healthy infants, 
one (E.H.’s) weighing 8 lb. and the other (J.L.’s) 9 lb. 4 oz. In both, 
the mild toxic signs disappeared during the last week of pregnancy 
following a lowering of serum C.G. to normal levels. In other words, 
both the hormonal and clinical abnormality appeared to be self- 
corrected. 

Of the other 3 patients with an early elevation of serum C.G., one 
(F.L.) had eclampsia during the 39th week with delivery, after arti- 
ficial rupture of the membranes, of a normal 8 lb. 3 oz. infant. Two 
had preeclamptic toxemia: one (E.S.) with a blood pressure of 150 .-90, 

* Our criterion for normal seram C.G. is based upon the analyses of 235 serums from 
67 normal pregnancies. In 39 of these, including 10 complicated by diabetes, repeated 
analyses were performed and in no case was an elevation above 100 r.u. per 100 cc. found 
between the 20th and 36th weeks.® 
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albuminuria (3 gm. in 24 hours) and edema at 31 weeks and intrauter- 
ine death at 33 weeks; in the other (S.L.) labor was induced at 35^ 
weeks because of blurring of vision, hypertension (180/110) and 
albuminuria (7 to 8 gm. in 24 hours). The 5 lb. 11 oz. infant died 
36 hours after birth. 

Normal Serum C.G. Of the 9 patients in whom serum C.G. remained 
normal between the 25th and 36th weeks, 2 developed toxemia. In 
one (C.H.) toxic signs were limited to slight albuminuria (0.2 to 0.3 gm. 
in 24 hours) between the 30th week and term and edema of the 
ankles at term, when labor was induced and a normal 6 lb. 4 oz. infant 
delivered. The other (M.M.) had slight albuminuria (0.2 to 0.3 gm. 
in 24 hours), edema and hypertension (highest reading 150/82) starting 
at the 31st week. During the 37th week intrauterine death occurred. 
Two of the 9 with normal serum C.G. had pyelitis and spontaneous 
premature delivery at 35 and 36| weeks, respectively. Both of the 
infants were large for this period of gestation, 7 lb. 8 oz. and 8 lb. 4 oz. 
The 35-week-oId infant (E.D.'s) was healthy and survived, but the 
other (E.B.’s) died 15 hours after birth, the diagnosis after autopsy 
being intrauterine pneumonia and adrenal hemorrhage. There were 2 
other fetal deaths in this group with normal serum C.G. One (L.S.) 
had intermittent uterine bleeding starting during the 25th week. 
Intrauterine death occurred during the 31st week. The other (D.H.) 
had a normal pregnancy up to the 38th week, when intrauterine death 
occurred. The other 3 cases of this group (E.F., A.P. and I.S.) had 
normal pregnancies throughout with full-term delivery of healthy 
infants weighing 6 Ib. 14 oz., 11 lb. 3 oz. and 8 lb. 14 oz., respectively. ^ 

From this study, together with those previously reported,^'^ it is 
safe to conclude that the finding of a rise in serum C.G. between the 
25th and 35th weeks in either diabetic or non-diabetic women war- 
rants the prediction of later trouble, although it gives no indication 
of the tj’pe or severity of the trouble, which may be only mild (and 
occasionally self-corrected) toxemia, preeclampsia, eclampsia or death 
of the offspring. However, from the data presented it is obvious that 
later mishaps may occur without any premonitory rise in serum C.G. 
Although a fairly consistent relationship is again demonstrated between 
such a rise and toxemia of varying degrees of severity, the incidence of 
fetal or neonatal death was no higher in this group than in those in 
whom no elevation occurred. Normal levels of serum C.G. from the 
25th to 35th weeks in diabetic patients, therefore, provide no assurance 
that the rest of pregnane}'’ will be uneventful, particularly as regards 
the prognosis for the fetus. 

Metabolism of the Placental Steroids and Later Accidents. Although 
elevated serum C.G. has not, in our experience, been an absolutely 
consistent finding in preeclampsia and eclampsia,^ none of 23 pre- 
viously reported cases of this disease^'® in which repeated complete 
urinary analyses were done failed to give evidence of a typical abnor- 
mality in the metabolism of the placental steroids, despite the fact that 
in 6 of them serum C.G. was normal. We were particularly interested 
in determining whether or not death of the offspring was also more 
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closely related to deficiency of estrogen and progestin than to high 
serum C.G. levels. In 8 of the present group of 16 patients, urinary 
analyses were performed for the separated estrogens and for the 
increased potency produced by hydrogenation with zinc and HCl. 
The pregnancies of 4 (R.S., E.S., M.M. and D.H) terminated in death 
of the offspring, and that of a 5tli (E.C.) in cesarean delivery at 34 
weeks of a viable but cyanotic infant that barely survived. In all 5, 
evidence of a deficiency of placental steroids preceded the accident, 
although in 2 (M.M. and D.H.) repeated analyses of serum revealed 
normal levels of C.G. The failure to find high serum C.G. in some 
cases of fetal or neonatal death, therefore, does not exclude the pos- 
sibility that the deranged metabolism of the placental steroids which 
characterizes toxemia of late pregnancy may not pertain. 

It would also appear that if this deranged metabolism is in any way 
etiologically concerned in these accidents, it may take its toll either 
from the maternal or fetal organism but not necessarily from both. 
In 7 of the 8 patients whose urinary estrogens were studied, this 
abnormality was found. Two of them (R.S. and D.H.) had intrauter- 
ine death with no toxic signs. Two (J.L. and F.L.) had toxemia with 
normal offspring, despite the development in one (F.L.) of full-blown 
eclampsia at 39 weeks. In the other (J.L.), mild toxic signs disap- 
peared during the 38th week coincident with a self-correction of the 
endocrine abnormality. Only 3 of the 7 with abnormal metabolism of 
the placental steroids had both toxemia and fetal abnormalities (E.C., 
E.S. and M.M.). E.F. was the only one of this group in whom the 
urinary findings reflected normal steroid metabolism, and she alone 
had both a normal pregnancy and a healthy child. 


Table 3. — Summaby or Hormonal Findings in Relation to Obstetrical Outcome 



Serum C.G. 

Steroid metabolism 

Obstetrical notes 

Name 

Specs. 

HesuHe 

Specs. 

Resuhs 

Mother 

Offspring 

R.S. 

9 

High 

9 

Abnormal 

Normal 

I.U.* death 

E. C. 

9 

High 

3 

Abnormal 

Mild toxemia 

Cyanotic but 
survived 

E. H. 

5 

High-s.c.t 



Mild toxemia 

Normal 

J. L. 

7 

High-s.c.f 

5 

Abn.-s.e.f 

Mild toxemia 

Normal 

F. L. 

6 

High 

4 

Abnormal 

Eclampsia 

Normal 

E. S. 

11 

High 

10 

Abnormal 

Preeclampsia 

I.XJ.* death 

S. L. 

9 

High 



Pregclampsia 

N.N.J death 

C. H. 

5 

Normal 



Mild toxemia 

Normal 

M. M. 

4 

Normal 

2 

Abnormal 

PreBclampsia 
Prem. dely. 

I.TJ.* death 

E. D. 

6 

Normal 



Prem. dely. 

Normal 

E. B. 

5 

Normal 



Prem. dely. 

N.N.J death 

L. S. 

3 

Normal 



Prem. dely. 

l.IJ.* death 

D. H. 

9 

Normal 

9 

Abnormal 

Normal 

I.U.* death 

E. F. 

6 

Normal 

3 

Normal 

Normal 

Normal 

A. P. 

8 

Normal 



Normal 

Normal 

I. S. 

* I.U. 

t S.C. : 

t N.N 

8 Normal 

= intrauterine. 

= self-corrected. 

. = iieo-natal. 



Normal 

Normal 


^ Table 3 summarizes hormonal findings in relation to clinical outcome 
in all cases. The detailed results in 5 of the 8 whose urines were 
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analyzed for metabolites of estrogen will not be reported here, since 
collections were not begun until after the 31st week. The results, 
therefore, add nothing to those already published except that fetal and 
neonatal death, whether or not accompanied by toxemia, appears to 
be closely associated with the same abnormality of the placental 
steroids which characterizes preeclampsia and eclampsia. 

In Figures 1 and 2 are presented the most pertinent findings in the 
other 3 patients whose urines were analyzed, specimens having been 
collected from an earlier period of gestation than has before been 
studied in either diabetic or non-diabetic women in whom toxemia or 
death of the offspring occurred. 

Explanation of Charts. To, i. e., total urinary estrogen, expressed in terms 
of estrone equivalents (Fig. 1) represents the sum of the estrogenic activities 
found in the estradiol plus estrone plus estriol fractions. In general it may be 
said that a rise in To is due to an increase in all 3 fractions but is accompanied 
by a change in the partition of the estrogenic actiwty bet^veen these fractions 
which points to an increased rate of eonversion of estradiol to estrone to estriol 
and hence to greater secretion of progestin, whose presence facilitates this 
conversion. Conversely, a drop in To is characteristically associated with a 
changed partition of the total activity between the 3 fractions which indicates 
decreased conversion of the estrogens and hence withdrawal or deficiency of 
progestin.* 

The amount of estrogenic activity produced by Zn-HCl hydrolysis of the 
urine, over and above that accounted for by estrogens etyreted as such,_ is 
termed “unaccounted for” To. The exact derivation of this activity remains 
to be established, although the weight of evidence points to non-estrogenic 
excretory products resulting from oxidation of estrogens in vivo. Its 24-hour 
value, as related to that of total estrogens excreted as such (“unaccounted for” 
Tzn to To ratio— Figure 2), is interpreted as proriding a gauge of the rate of 
destruction of estrogens in the body and consequently of secretion of progestin, 
since progestin reduces destruction of estrogens in addition to facilitating their 
conversion.* 

The heavy solid lines in Figures 1 and 2 are composite curves based on 
published data from normal pregnancies.^'’® The double line represents the 
findings in one of the normal pregnancies in which repeated complete urinary 
analyses were started earlier than in the rest, namely, at 16 weeks. Separated 
estrogens in this case have been published.® 

The 3 patients chosen for this study (R.S., E.S. and D.H.) were 
young, with fairly severe diabetes of 3 to 13 years' duration (see 
Table 1). In all, pregnancy terminated in intrauterine death, 2 with 
(R.S. and E.S.) and 1 without (D.H.) a preceding rise in serum C-G. 
E.S., the only one in whom there -were any toxic signs, was placed 
under hospital care for preeclampsia at 31 weeks. Twm w'eeks later 
the fetal heart could not be heard and a macerated fetus was delivered 
during the 35th week. In the other 2 patients intrauterine death 
occurred, without any other clinical signs of abnormality, at the end of 
the 37th week. Stillbirth came 3 and 6 weeks later. 

The results of only the first urinalysis after death of the fetus are included 
in the charts. In each case this specimen was collected within a few days 
of the accident. Thereafter the excretion of estrogens dropped precipitously, 
but, even in D.H., who carried the dead pregnanc 3 ' for 6 weeks, never reached 
non-pregnant levels until after delivery of the macerated fetus and placenta. 

* For a more complete explanation of these interpretations of our findings, the reader 
is referred to prewous publications from this laboratory 
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Fig. 1. — Rate of estrogen excretion. Total estrogenic activity (To = estradiol + 
estrone + estriol) of repeated specimens of urine from 3 pregnant women prior to intra- 
uterine death compared with normal curves of total excretion of estrogens. 
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^B-ate of estrogen degradation. Ratio of increased activity produced by 
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peated specimens of urine from 3 pregnant women prior to intrauterine death compared 
with ratios based on normal pregnancies. 
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In each case, intrauterine death occurred at a time when the urinal- 
yses reflected a markedly downward trend in the rate of conversion 
of estrogen together with a striking increase in its rate of destruction; 
in other words, according to our interpretation, a progressive deficiency 
of both estrogen and progestin. Evidence for this shift in steroid 
metabolism has been a consistent finding before and during the develop- 
ment of preeclampsia and eclampsia. It is entirely similar to the 
hormonal situation which immediately precedes normal labor and 
delivery. 

In these 3 patients, moreover, all of whom were followed 12 to 15 
weeks before intrauterine death, an even earlier deviation from the 
normal was discovered. In each, between the 25th and 31st weeks, a 
sudden increase in the rate of conversion (as indicated by increased 
excretion of all 3 estrogens, particularly estrone and estriol) and 
decrease in the rate of destruction (as indicated by a striking drop in 
the amount “unaccounted for” Tzn) were observed. This situation, 
presumably reflecting increased placental secretion of both estrogen 
and progestin, does not begin to develop to such a marked extent in 
normal pregnancy until around the 36th week. In fact, in none of the 
normal controls did the ratio of “unaccounted for” Tzn to To activity 
fall below one prior to the 35th week. In other words, the analogy 
between the hormonal changes which precede the de^'^elopment of 
accidents of late pregnancy and those which precede labor started 
earlier than has before been demonstrated and included evidence for 
the markedly increased rate of production and metabolic conversion 
of the placental steroids, which normally reaches a peak 2 to 3 weeks 
before labor, as well as the subsequent withdrawal phenomenon. The 
whole picture, therefore, indicates premature changes in the placenta 
with the development of toxemia or damage to the fetus or both at the 
time when premature labor and delivery might be expected. 

In D.H., only one such period of maximum conversion and minimum destruc- 
tion of the estrogens was detected, at 31 weeks; this being followed by urinarj’- 
evidence of a progressive drop in the rate of conversion and rise in the rate of 
destruction for 6 weeks prior to fetal death. In R.S., the same pattern ^yas 
followed through the 35th week. During the 36th week, however, a striking 
increase in total excretion of estrogen together -with a precipitous drop in 
“unaccounted for” Tzn activity pointed to a spurt in the production of the 
placental steroids. It is interesting that the fetus was thought to be growing 
more rapidly and to be more active during this time. This episode, which 
suggests an attempt at self-correction of the hormonal abnormality, was fol- 
lowed by a sudden change in the opposite direction and death of the offspring. 
In E.S. also 2 cycles of excretion were detected. Although total estrogens 
were not high between the 18th and 22nd weeks, their partition and the very 
low values for “unaccounted for” Tzn indicated an unusually rapid rate of 
conversion of estradiol to estrone to estriol together with very little breakdo^vn 
of estrogen. A high ratio of progestin to estrogen for this period of gestation is 
suggested. This situation was followed by evidence for a period of progestin 
vdthdrawal which was interrupted by a temporary increase in total estrogen 
and decrease in “unaccounted for” Tzn at 28 weeks. During the following 
5 weeks, when the urinalyses reflected a progressive deficiency of both estrogen 
and progestin, toxic signs, which had previously been limited to slight album- 
inuria, became sufficiently alarming to render it advisable to place the patient 
under hospital care at 31 weeks. T^'o weeks later fetal death occurred. 
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Discussion. The finding of urinary evidence of disturbed placental 
metabolism starting as early as tlie 18th to 28th weeks in^ these 3 
patients intimates that the primary cause or causes of the accidents of 
late pregnancy discussed in this paper are operative earlier than we 
have been led to assume from our studies of serum chorionic gonado- 
tropin. In one of these (D.H.), values for serum C.G. were normal 
throughout the period of study. However, in the other 2, the first in 
whom urinalyses have been performed prior to any elevation of serum 
C.G., this elevation did not appear until at least 5 weeks after a dis- 
turbed metabolism of the estrogens was detected. The inference is 
that a rise in serum C.G,, when it occurs, is secondary to^ a changed 
metabolism of the placental steroids. In E.S. and R.S. it was first 
found at 25 and 33 weeks, respectively, coincident with the first 
urinary evidence of estrogen and progestin withdrawal. We are thus 
brought back to one of our original concepts,^ that increase of gonado- 
tropic substance may be a compensatory measure, an attempt to 
counteract a failing production of estrogen and progestin. It is perhaps 
significant that the urinalyses on both E.S. and R.S. suggested an 
attempted self-correction of the steroid deficiency following the rise 
in serum C.G., whereas those on D.H., in whom no elevation occurred, 
gave evidence of uninterrupted withdrawal of estrogen and progestin 
over a 6-week interval prior to intrauterine death. It is conceivable 
that a failure to find any increase in the level of chorionic gonadotropin 
reflects a deficiency in the cells secreting this hormone, whereas con- 
tinued withdraival of the placental steroids despite a rise in serum 
C.G., which has been the usual finding in toxemic patients, may reflect 
a deficiency in tlie placental secretion of estrogen and progestin. Either 
of these situations would be readily accountable to damage of the 
placenta with resultant premature senility. 

Since deficiency of estrogen and progestin is the immediate precursor 
of the clinical mishaps discussed in this paper, administration of these 
horm ones during the period when such accidents are likely to occur is 
still a logical therapeutic approach. It would appear, however, that 
therapy should not be limited to patients in whom an abnormal eleva- 
tion of serum C.G. is detected, since such a rise dose not develop in all 
patients with deranged metabolism of the placental steroids and is 
perhaps a secondary phenomenon. According to the data presented, 
one would expect almost as many fetal or neonatal deaths in cases 
whose serum C.G. Avas normal as in those with an abnormal elevation. 
A changed metabolism of the estrogens may be detected only by 
methods of urine analysis that are too laborious and time-consuming 
to be of clinical applicability. Although composite findings reveal that 
excretion of pregnanediol is low in patients in whom accidents of late 
pregnancy develop,^ analyses for this urinary constituent alone is of 
limited diagnostic significance, since normal values A’^ary over such a 
mde range.^-'® Studies of hormones, therefore, Avould appear to be of 
little assistance in determining which patients to treat. Since the 
number of diabetic pregnancies seen in a year in any clinic is relatively 
small, and since improvements in care are sure to develop and influence 
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both maternal morbidity and fetal mortality, it seems to us that con- 
clusions concerning the effect of administering hormones may be 
Required only by treating alternate patients until a sufficient number 
of treated cases with consecutive untreated controls has been collected 
to be statistically significant. 

The intimation that placental abnormalities are operative prior to 
the period of estrogen and progestin withdrawal suggests that truly 
preventive measures should be started even sooner, as early as the 
18th to 25th weeks. Our previous studies have led to the hypothesis 
that products of the oxidative inactivation of estrogens in the body 
play an important role in the mechanism which controls the production 
of the ovarian and placental steroids. The withdrawal of progestin 
before normal labor^® and the regression of the corpus luteum prior to 
normal menstruation' have thus been ascribed to a deficiency of break- 
down products of estrogen accountable to a preceding period of max- 
imal secretion of progestin and hence of reduced destruction of estrogen. 
The present investigation supplies our first evidence that a similar 
period of increased conversion and decreased destruction of the estro- 
gens precedes the withdrawal phenomenon associated with the onset 
of the clinical disasters discussed in this paper. A constant supply of 
breakdown products of estrogen during this period of maximal con- 
version, such as might theoretically be provided by the daily adminis- 
tration of larger amounts of estrogenic material than could be metabo- 
lized in relation to the available progestin, might conceivably prolong 
the period of increased secretion of the placental steroids and forestall 
their premature withdrawal until the maternal and fetal organisms are 
ready for delivery. 

Summary and Conclusions. Hormonal changes during pregnancy 
have been studied in 16 diabetic women starting between the 16th and 
29th weeks. Only 8 had normal offspring, and in all but 3 some acci- 
dent of late pregnancy occurred. Chorionic gonadotropin (C.G., 
prolan, A.P.L.) was measured in repeated specimens of serum from all 
16 patients. In 8 of them, only one of whom had a normal pregnancy, 
the metabolism of the placental steroids was also followed by repeated 
urinalyses for metabolites of estrogen. 

The results indicate that an abnormal rise in serum C.G. does not 
always precede the accidents of late pregnancy which so frequently 
occur in diabetic women, - particularly those involving death of tlie 
offspring. Premature withdrawal of estrogen and progestin, however, 
such as normally develops only during the last 2 weeks of pregnancy, 
was a consistent finding in abnormal cases and an immediate precursor 
of either toxemia or death of the offspring. This change was preceded 
by evidence of a rate of increase in the production of the placental 
steroids such as normally develops only after the 36th week, this earlier 
abnormality being apparent at least 10 weeks prior to the clinical 
accident and at least 5 weeks before any rise in serum C.G. The rise 
in serum C.G., when it occurs, therefore, may be secondary to a more 
fundamental deviation from the normal, the nature of which suggests 
premature ripening of the placenta with ensuing premature senility. 
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The significance of these findings in relation to attempts at preventive 

therapy is discussed. 
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DIABETES MELLITUS ASSOCIATED WITH ALBRIGHT’S SYNDROME 
(OSTEITIS FIBROSA DISSEMINATA, AREAS OF SKIN PIG- 
MENTATION, AND ENDOCRINE DYSFUNCTION WITH PRE- 
COCIOUS PUBERTY IN FEMALES)* 

Report of Case! 

By Franklin B. Peck, M.D. 

AND 

Lieut. Charles Y. Sage, M.C.J 

NASHVILLE, TENN, 

(From the Lilly Research Laboratories and Diabetic Clinic, Indianapolis City Hospital) 

The association of severe diabetes melJitus with the bizarre symp- 
tom complex described in 1937 by Albright and his co-workers^ seems 
noteworthy, particularly since both conditions conceivably may bear 
some relationship to a common factor, in this instance the pituitary 
gland. Association of the two diseases must be extremely rare as no 
similar report has been recorded in the literature. Dr. Isabel Bogan,'* 
roentgenologist at the Baker Clinic, Boston, after reviewing our case 
with Dr. Albright, observed that although the latter has now collected 
more than 50 cases showing the bony changes of osteitis fibrosa dis- 
seminata, there have been no diabetics among them. The case is of 
further interest in that roentgenograms of the skull are suggestive of 
osteitis deformans, and in view of reports by hloehlig and others^-^’*^'*^ 
that patients having Paget’s disease frequently exhibit abnormal dex- 
trose tolerance curves of diabetic type. In the original report by 
Albright, the peculiar distribution of the osseous and cutaneous lesions 
was attributed to a neurologic or embryonic defect; while the gonadal 
dysfunction, which may be entirely absent in males, was regarded as 

* Presented before the Indianapolis Medical Soc^et 3 ^ Nov. 2, 1943. 

t With grateful acknowledgment to Dr. Isabel Bogan and Dr. Fuller Albright, Boston 
lor thevr kind suggestions relative to the Roentgen ray diagnosis of this case. 

I Formerly Resident in Medicine, Indianapolis City Hospital. 
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due to a disturbance of afferent impulses to the pituitary gland. The 
insensithnty of our patient to insulin might lend further support to 
this hypothesis. 

Albright’s graphic description of 5 cases, showing the curious triad of 
apparently unrelated symptoms—osteitis- fibrosa disseminata, brown- 
ish pigmented areas of skin, and endocrine dysfunction with precocious 
puberty in females—and the subsequent report^ of 2 additional cases 
in 1938 established this syndrome as a clinical entit 3 L It may occur 
in complete or incomplete forms, depending upon whether or not one 
or more of the classic features is lacking. The bony dj’^strophy that 
was defined clearly by Lichtenstein*- in 1938 and termed “polyostotic 
fibrous dysplasia” is apparendy identical in roentgenologic, clinical, 
and histologic appearance, but the cases originally described did not 
displaj'^ endocrine aspects or skin pigmentation. The latter features 
may be relatively infrequent in this disorder, for they are mentioned 
in but 4 of the 36 cases collected by Uehlinger*® and described in 1940 
under the title “osteofibrosis deformans juvenilis.” 

The published literature was thoroughly reviewed and summarized 
in 1942 bj'- Gorham, Campbell, and Rust,*® of Albanj^ and bj’^ Falconer, 
Cope, and Robb-Smith® in England. Botli have pointed out the great 
variety of titles under which earlier cases have masqueraded, c. g., 
pubertas praecox und knochenbriichigkeit, osteitis fibrosa cystica gen- 
eralisata, osteodj^-strophia fibrosa, generalized xanthomatosis of bones, 
juvenile Paget's disease, fibroc 5 'Stic osteitis, fragilitas osseum, poly- 
ostotic fibrous dj'splasia, and even von Recklinghausen’s neurofibro- 
matosis. Gorham ei a/.*® tabulated 32 reported cases of the complete 
syndrome, and listed 19 others which did not exactlj' conform to the 
criteria enumerated bj' Albright as characteristic but which were 
considered to represent the incomplete form of the disease. Twenty 
of these eases had been vainij'’ explored for adenomata of the para- 
thyroids, 5 of them on two occasions. 

In the view of Falconer et al.,^ the disease consists of a characteristic 
multifocal fibrous dj'splasia of bone in association with endocrine dis- 
turbances which may yary in type but have skeletal precocity as the 
usual feature, and maj'^ include other less constant manifestations such 
as sexual precocity, thj'roid disorders, and acromegalic dianges. The 
case to be described is apparently the first instance in which the endo- 
crine disorder has been diabetes mellitus; and, since the patient has 
been under our observation, this has been by far the predominant 
feature of the case. 

Albright’s sjmdrome usually appears insidiously in childhood and 
its active phase is terminated when adult life is reached, or when 
premature fusion of the ephiphj’^ses occurs. Pathologic fractures, 
limp, pain, or deformities are first noted. Coxa vara and genu valgum 
are not unusual. The quiescent phase is slowly reached, the disease 
is not fatal, nor does it appear to be hereditarjL The diagnosis must 
rest on the clinical aspects, roentgenologic appearance, absence of 
significant alterations from normal of calcium and phosphorus levels, 
and if doubt still exists,^on bone biopsy. Kornblum** characterizes 
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the typical histologic findings as thinning of the cortex of the bone, 
replacement of marrow and spongiosa by dense, gritty, rubbery, 
fibrous tissue interspersed with poorly calcified bone spicules, and an 
absence of cyst formation. In discussion of Kornblum’s paper, Albright 
stated that the Roentgen examination presents 3 features which dis- 
tinguish this disease from osteitis fibrosa generalisata; (1) there are 
areas of increased density and overgrowth of bone as well as decreased 
density; (2) the condition is not generalized and one should be able to 
find parts of the skeleton which are perfectly normal; (3) the disease 
practically never involves the epiphyses. 

Case Report. L.T.W. (22107), age 22, a white male, was admitted to the 
recehdng ward of the Indianapolis City Hospital on March 5, 1943, in severe 
diabetic coma (Rabinowitch Severity Index, 12). For a week previously he 
had complained of pain and swelling over the right side of the face, of excessive 
hunger, thirst, and polyuria, and although his mother stated that he had been 
a known diabetic since 1940, he had never before been in coma. Three months 
earlier he had discontinued his daily dose of 36 units of protamine zinc insulin 
and all dietary restrictions on the advice of a faith healer. 

Physical Examination. The appearance of the patient was remarkable in 
that his face was irregularly swollen, particularly on the right side where 
induration involved the eyelid and pus exuded from the inner canthus. His 
head was asymmetrical, with prominent superorbital ridges and large malar 
prominences. Respiration was typically Kussmaul in type and the breath 
reeked of acetone. The nasal mucosa appeared congested and there was a 
mucopurulent blood-tinged discharge from the nares, more marked on the 
right side. All the teeth were loose, as if set in swollen, spongy, bleeding 
granulation tissue. Pus and blood exuded copiously about each tooth. Both 
maxillse were tender on pressure and there was right cervical adenopathy; the 
heart and lungs were not apparently abnormal nor were the superficial reflexes. 
The broivnish pigmented areas on the skin (Fig. 1) were not regarded as sig- 
nificant at the time but were considered “birthmarks” on the statement of the 
patient’s mother. Exophthalmos of moderate grade was observed after 
recovery from coma, and a smooth palpable thyroid. 

A tentative diagnosis was made of diabetic coma, acute sinusitis, cellulitis 
of the face, pyorrhea alveolaris, and avitaminosis. Blood was drawn for 
chemical determination and separate doses consisting of 60 units of unmodified 
insulin and 40 units of protamine zinc- insulin were immediately injected. 
Roentgenograms of the skull were made and the patient was transferred to 
the ward for further treatment. 

Laboratory Findings. The initial blood sugar level was 546 mg. per 100 cc. 
The CO 2 combining power was 12 volumes %; urea nitrogen was 60; white 
blood count 9100. The urine was loaded with sugar and gave 4-1' acetone 
and diacetic acid reactions. The first roentgenogram of the skull was not 
very satisfactorj^ owing to swelling of the soft tissues of the face and inability 
of the patient to cooperate, but there was obvious loss of translucency of all . 
visualized sinuses, associated with mottled density of the frontal bone which 
suggested to the roentgenolo^st frontal osteomyelitis originating in the region 
of the frontal or ethmoid sinuses, or pathologic changes such as might be 
associated with Paget's disease or some other osseous dystrophy. 

Course. Treatment of the coma was successfully completed within the 
next 12 hours, using a total of 315 units of insulin, 6000 cc. of normal saline, 
and 3000 cc. of 5 % dextrose. The next morning a diet consisting of carbo- 
hydrate 130 gm., protein 60 gm., fat 80 gm. (prmdding 1480 cal.) was insti- 
tuted, with separate doses of insulin and protamine zinc insulin, governed bj' 
the period urine specimens and postabsorptive and postprandial blood sugar 
levels. 'The patient’s diabetes proved difficult to control, which was anticipated 
and attributed to infection. The temperature varied from 100° to 101° F. 
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for a few days, then subsided as the swelling and tenderness of the face receded, 
except for sporadic elevations which seemed to be related to dental manipula- 
tions attendant on treatment and extraction of some of the loosened, abscessed 
teeth. The diet was increased on March 16 to 150 gm. of carbohydrate, 70 gm. 



Fig. 1. — Areas of skin pigmentation. Note also the feminine configuration of the body 
and tendency toward genu valgum. 


of protein, and 100 gm. of fat (1780 cal.), and on April 13th to carbohydrate 
200 gm., protein 80 gm., and fat 120 gm. (2260 cal)., while the separate injec- 
tions of insulin and protamine zinc insulin were redistributed into a single dose 
mixture given before breakfast in the morning. It was found that between 1 10 
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and 130 units in the ratio of approximately 3 to 1 (3 parts of unmodified 
iriRnh'n to 1 part of protamine zinc insulin) were required. Under this regimen, 
although not constantly sugar-free in all period specimens, control of fasting 
and postprandial blood sugar levels were reasonably satisfactory, for the 
patient was comfortable and demonstrated a progressive gain in weight and 
strength without hypoglycemic episodes. In the period from April 13th to 
July 1st, the average blood sugar level before breakfast was 136 mg. per 100 cc. 
and the afternoon postprandial levels averaged 142 mg. per lOO cc. (both 
taken twice each week). 



Subsequent Laboratory Findings. The Kline and Kahn tests were negative- 
seruin calcium was 9.1 mg. per 100 ce.; phosphorus 3 mg. per 100 cc.; total 
proteins 5.6 gm.; albumin 3.8; globulin 1.8; acid phosphatase 4.17 phenol units 
(Kang-Armstrong) ; alkaline phosphatase 77.2 phenol units (Kiug-Armstrong) • 
cholesterol 155 mg. per 100 cc. A month later the cholesterol was 150 mg. per 
100 cc.; the alkaline phosphatase had fallen to 56 phenol units (1 unit =' ap- 
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proximately 1.8 Bodansky units). Basal metabolic rates were +32% and 
+42%_on two occasions; recheck later was +45 and +22. 

In view of the high insulin requirement, an insulin tolerance test (Fig. 2) 
was performed on March 22, 1943 (method of Fraser, Albright and Smith®). 
The dose was 0.1 unit per kilogram of body weight intravenously (6.3 units 
total). 

Roentgen Examinations. Roentgen rays of the upper left molars showed 
recurrent caries, also caries of the upper incisors with blurring and loss of 
detail of the bone in the region of the incisors and remaining molar. Osteo- 
myelitis was suspected. Later Roentgen rays of the head (Fig. 5), cheat, 



Fig. 3. — Roentgen ray of pelvis and lower spine made in 1935 (age 15 year-s). 


pelvis, and left leg disclosed a marked enlargement of the middle and outer 
tables of the skuU, giving the entire calvarium a mottled appearance. The 
Jrontal sinuses and most of the maxillary sinuses were obliterated; the facial 
bones were less involved. There was slight distortion and enlargement of the 
ribs, but not approaching the degree seen in the skull. There was no increased 
density of the lung fields, but a reduced radiolucency of the upper two-thirds 
associated with the reduction in the intercostal spaces. The pelvis (Fig. 6) 
showed marked cystic appearing areas as well as dense, irregular striations, 
and marked coxa vara. The pubic bones were less involved. The femurs and 
the left tibia also showed the same pathologic changes but to a lesser degree. 
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There was evidence of old fractures of the ribs and the neck of the right femur. 
The scattered involvement of the skeleton as a whole is indicated in Figure 7. 

Previous Admissions. Some interesting facts in the history of the patient 
came to light when earlier admissions under another name and number were 
traced. In 1932 the patient (age 12) was registered in the pediatric out- 
patient department, Indianapolis City Hospital, with the complaint of vomit- 
ing after eating vegetables, craving for sweets, and pain and burning in the 
feet. His mot&r stated that' his appetite had always been capricious, and he 



Fig. 4. — Appearance of skull in 1935 (age 15 j^ears). 


would eat no meat or dairy products but subsisted chiefly on sweet and starchy 
foods, and had had polyuria all his life. A note remarks the peculiar “Mon- 
goloid facies” at the time. Viosterol and dietary corrections were prescribed. 
Although nocturia was present, the urine was negative for sugar. The patient 
was examined again on April 8, 1933 (age 13), at which time the complaint 
was a furuncle. 

On June 27, 1935, the patient (then 15 years of age) was referred to the 
hospital by a private physician who had found a positive test for sugar in the 
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urine. The complaint was painless limping for 2 or 3 years past, a crop of 
boils, nocturia 4 or 5 times, sudden spells of blackness before the eyes lasting 
a few minutes, and nocturnal pains around the thighs and hips. It M-as learned 
that one sister had died of diabetes mellitus at age 23. Examination disclosed 
some atrophy of the right thigh, the right hip was 2 inches higher than the 
left, and Roentgen ray (Fig. 3) revealed some cj'stic formations in the body of 
each ilium and a rather granular appearance to the bodies of the vertebra 
throughout the dorsal and lumbar regions, suggestive of paratlijwoid dysfunc- 
tion. Roentgenograms of the skull (Fig. 4) showed marked density in the 



Fig. 5. — Appearance of skull in 194.3 (age 22 years). 


base, and thickening in all flat bones. There were unusual striations in the 
lower half of each femur which seemed due to islands of increased calcium 
deposition, resembling Paget’s disease. The blood Wassermann and Kline 
tests were negative; blood sugar determinations were 104 and 80 mg. per 
100 cc. The basal metabolic rate was -f3; hemoglobin 100%; red blood 
count 4.72; white blood count 7050; blood calcium 10.5 per 100 cc.; phosphorus 
3.6 mg. per 100 cc.; total proteins 6.9 gm. per 100 cc. 

In 1937, fracture of the right femur occurred which was treated at another 
hospital. 
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The next admission was in 1940 (at 20 years of age). This tirne diabetes 
was well established as the blood sugar level was 421 mg. per 100 cc. in addition 
to the characteristic symptoms— the complaint was of photophobia, loss of 
sense of smell, and peculiar feeling of tightness of the flexor muscles of the 
hands and calves of legs. The latter symptoms had been present about 1 year. 
The patient’s eyes were wide set and prominent, the face was now asym- 
metrical owing to hyperplasia of the left malar prominence, the skull appeared 
larger than normal, and absence of physiologic cup in the left optic disk was 
noted. At this time blood calcium was 11 mg. per 100 cc. and 9.9 per 100 cc.; 
phosphorus 5 mg. and 3.6 mg. per 100 cc.; blood proteins 7.2 gin., 6.5 gm., and 
6.7 gm.; urine sugar was 4-}-; red blood count 4.8; white blood count 9400; 
Kline and Kahn tests negative. Roentgenograms disclosed marked widening 
of outer and middle tables of the calvarium owing to osteolysis and osteo- 



Fig. 6.— Present appearance of pelvis and upper femuns (1943, age 22 j^ears). 


sclerosis. Involvement was particularly marked in the basal bones of the 
skull, those of the face, and the cervical vertebrae. A cy'Stic character in this 
pathologic change was more apparent in the bones of the ilium and in the 
femurs. Definite coxa vara of both hips and a healed fracture (1937) of the 
right femur were evident. Roentgen findings suggested Paget’s disease or 
osteofibrosa cystica. 

A diet of carbohydrate 200 gm., protein 60 gm., and fat 130 gm., supplying 
2210 calories, was instituted, and 20 units of protamine zinc insulin each 
morning served to control the diabetes adequately with normal blood sugar 
levels. The patient then again disappeared from observation until onset of 
diabetic coma constituting his present illness. 

Progi-ess since the last admission has continued uneventfully. There has 
been a gradual increase in weight and strength, but in spite of excellent diabetic 
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control the insulin requirement has not declined materially (on December 9, 
1943, the dose was 85 units of insulin with 30 units of protamine zinc insulin, 
mixed in the same syringe) . The patient has returned to work, oddly enough, 
in a gymnasium, but is careful to protect himself from possible injury. 


Pig. 7. — Main areas of skeletal involvement (1943). 



Comment. The cause of this curious disease is unknown. Obviously 
it would be unwise to .base any etiologic conclusions on this one case, 
which may or may not be merely a rare coincidence, since diabetes 
develops in one of 200 to 250 persons in the population and there is a 
history of diabetes in the patient’s family. Nevertheless, it should 
serve to direct attention to what appears to be a common finding if it 
is looked for; namely, depressed glucose tolerance in certain of the 
osseous dysplasias such as Paget’s disease. The appearance of severe 
diabetes and finallj" coma in our case, together ivith enlargement of 
the mandible as demonstrated by Roentgen ray, is suggestive clin- 
ically of acromegalia; while the exophthalmos, elevated basal meta- 
bolic rate, and goiter also point toward the pituitary as a factor. The 
insulin tolerance curve seems to support this possibility, and in addi- 
tion tire lack of responsiveness to hypoglycemia suggests adrenal 
involvement. 

Recently Sternberg and Joseph'* published the pathologic findings 
in the case reported several years previously by McCune and Bruch'* 
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when the patient was 4 j'-ears old. Exophthalmic goiter was a prom- 
inent feature in this case, and it is pointed out that its occurrence as a 
part of the syndrome is significant enough to be other than coinci- 
dental. On autopsy the important endocrine changes were hyperplasia 
of the thyroid, thymus, and lymphoid structures, mature cystic 
ovaries, a narrow “lean” adrenal cortex, normal parathyroids, and the 
pituitary showed basophilic hyperplasia with adenoma formation. The 
picture was that of a gland showing evidence of prolonged stimulation 
and activity, especially of the basophil cells. When this case was 
originally reported there was slightly depressed glucose tolerance and 
glycosuria after 1.75 gm. of glucose per kilogram of body weight. No 
neurologic lesion was found. Cushing,® in describing the clinical 
manifestations of basophil adenomas, observed that exophthalmus, 
osteoporosis, and sometimes glycosuria were not infrequently asso- 
ciated with certain types of pituitary adenomata and that the diabetes 
in such instances was far more difficult to control than is that of 
pancreatic origin. No pituitary tumor was found in Coleman’s® case, 
the only other autopsy reported thus far. 

It is generally agreed that precocious puberty in females having the 
disease cannot be directly attributed to pituitary tumors. However, 
this type of precocious puberty is observed following hypothalmic 
lesions. Albright originally proposed that the characteristic triad of 
symptoms might result from an embryologic defect in the region of the 
hypothalmus. The facts that the areas of pigmentation have been 
present since birth of our patient, and that the osseous lesions were well 
developed at the time he first came under observation, seem significant 
in this connection. 

Summary. 1. The first known case of diabetes associated with 
Albright’s syndrome has been presented. Osteitis fibrosa disseminata, 
areas of skin pigmentation, and further endocrine dysfunction taking 
the form of mild exophthalmic goiter were observed. 

2. Insulin resistance and unresponsiveness to hypoglycemia were 
demonstrated by the insulin tolerance test and are regarded as sug- 
gestive of a complex endocrine disturbance, possibly originating before 
birth, and implicating the pituitary gland. , 

Note; Since submission of this report another case, the 34th to be described in the 
literature, has been published (Dockerty, M. B., Meyerding, H. W., and Wallace, G. T., 
Proc. Staff Meet. Mayo Clin., 19, 81, 1944). Although this patient showed preco- 
cious somatic development and menstruated at 7 years of age, she reached middle age 
before the disease was discovered, after a pathologic fracture. The status of the carbo- 
hydrate metabolism was not described. 

REFERENCES 

1. Albright, F.; New England J. Med., ^16, 727, 1937. 

2. Albright, F., Scoville, W. B., and Sulkowitch, H. W.; Endocrinology, 22, 
^ I I » X03S • 

3. Apperly, F. L., and Cary, M. K.: Am. J. Med. Sci., 192, 702, 1936. • 

4. Bogan, I.: Personal communication. 

5. Coleman, M.; Brit. J. Surg., 26, 705, 1939. 

6. Cushing, H.: Bull. Johns Hopkins Hosp., 50, 137, 1932. 

7. Deppe, a. H.; Interstate Med. J., 24, 772, 1917. 

• ^^^8-^^^lconer, M. a., Cope, C. L., and Robb.Smith, A. H. T.: Quart. J. Med., 36, 


46 


BEAN, SPIES, VILTER: IRRADIATION SICKNESS 


9. Fbaser, R., Albright, F., and Smith, P. H.: J. Clin. Endocrinol., 1, 297, 1941. 

10. Gorham, L. W., Campbell, E. H., and Rust, N. H.: Clinics, 1, 358, 1942. 

11. Kornblum, K.: Am. J. Roentgenol., 46, 145, 1941. 

12. Lichtenstein-, L.: Arch. Surg., 36. 874, 1938. 

13. McCuke, D. j., and Bruch, H.: Am. J. Dis. Child., 54, 800, 1937. 

14. Moehlig, R. C.: Surg., Gynec. and Ob.st., 62, 815, 1930. 

15. Moehlig, R. C., and Adler, S,; Surg., Gynec. and Obst., 64, 747, 1937. 

10. Moehlig, R. C., and Murphy, J. M.: Endocrinologj-, 19, 515, 1935. 

17. Moehlig, R. C., and Schreiber, F.: Am. J. Roentgenol., 44, 17, 1940. 

18. Sternberg, W. H., and Joseph, V.; Am. J. Dis. Child., 63, 748, 1942. 

19. Uehlinger, E.: Virchow.s Arch. f. path. Anaf., 306, 255, 1940. 


A NOTE ON IRRADIATION SICKNESS* 

By WiLLiA.M BENNErr Bean, M.D.f 

ASSISTANT PROFESSOR OF MEDICINE, UNIVERSITY OF CINCINNATI SCHOOL OF MEDICINE; 
ASSISTANT VISITINO PHYSICIAN, CINCINNATI tSENERAL HOSPITAL 

Tom D. Spies, M.D. 

ASSOCIATE PROFESSOR OF MEDICINE, UNIVERSITY OF CINCINNATI SCHOOL OF MEDICINE; 
ASSISTANT VISITING PHYSICIAN, CINCINNATI GENERAL HOSPITAL; 

DIRECTOR, NUTRITION CLINIC, HILLMAN HOSPITAL 
BIRMINGHAM, ALABAMA 

AND 

. RlCH.\nD W. VlLTER, M.D. 

A.SSISTAN'T PROFESSOR OF MEDICINE, UNIVERSITY OF CINCIN.NATI SCHOOL OF .MEDICINE; 
ASSISTANT VISITING PHYSICIAN, CINCIN.NATI GENERAL HO.SPITAL 
CI.NCIN.NATJ, OHIO 

(From the Univer-sity of Cincinnati Studie.s in Nutrition at the Hillman Ho.spital 
Birmingham, Ala.; and from the Department of Infernal Medicine, 
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Nausea, vomiting, headache, cramps and diarrhea which often 
complicate the course of therapeutic irradiation comprise the syndrome 
of Roentgen ray sickness reviewed lately by several investigators.- 
Our interest in the problem dates from the successful use of nicotinic 
acid in treating patients with these complications;'' and the discovery 
that the behavior of urinary pigments and the codehydrogenases I 
and II following irradiation of the upper abdomen over the spleen 
resembled that in severely ill pellagrins,' As much evidence had 
accumulated to suggest other analogies between Roentgen sickness 
and certain dietary deficiency states, it was planned to make a com- 
prehensive investigation of the effect of a standard dose of irradiation 
upon normal well-fed subjects; upon those given a vitamin B-deficient 
diet® with and without supplements of some of the vitamins in which 
the diet was deficient; and upon pellagrins and upon persons whose 
poor diet had caused ill-health Avithout other stigmata of a specific 
deficiency syndrome. Studies on normal persons haA-e not been re- 
ported preA’iously. We are continuing this study but the results so 
far seem of sufficient importance to AA-arrant publication at this time. 

♦ The verj' hea\'j' expense.s of this study invoU’ing the special ser\-ices of so many 
expert.® was made possible by the Research Corporation, the Nutrition Foundation, 
and .Standard Brands, Inc. 

t On leave of absence, I^Iajor, M.C„ A.U.S., Armored Medical Re.search Laboratory, 
Fort Knox, Kentucky. 



Material and Studies. Of 16 subjects chosen for study, 5 were nutritionally 
normal persons hospitalized for some injury from which they were convalescing 
at the time of the experiment (2 white females, 1 white male, 2 colored males). 
One normal white male was treated after 6 weeks of control on the vitamin B- 
poor diet,^ and again after a course of nicotinic acid. Three pellagrins (1 white 
female, 1 white male, 1 colored female), 3 persons with mild pellagra (1 white 
female, 2 white males), a white female rvith mild peripheral neuritis and 3 white 
females with subclinical vitamin B deficiency were irradiated under various 
conditions of rdtamin therapy and dietary control. 

The radiation was given in all instances after an overnight fast (13 to 
16 hours after eating) . An area over the spleen and upper abdomen was used. 
Four hundred Roentgen units were administered from a distance of 20 cm., 
using a Thorous filter, 200 K.V., 20 ma. at the rate of 33 R units per minute. 

Tests for the codehydrogenase, biotin, riboflavin, pantothenic acid and 
nicotinic acid content of the blood were made before, and 6 and 24 hours 
after treatment in most cases. In some instances pyruvate and glutathione 
were determined. The urinary pigments were studied in daily 24 hour speci- 
mens before, and in 6 and 18 hour specimens after Roentgen ray.* 
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Fig. 1. — Comparison of sj'mptoms following Roentgen therapy in normal persons 
and those with mild or severe pellagra. In 3 of the deficient subjects the effects of irra- 
diation with and without a preliminaiy period of therapy with thiamine or nicotinic acid 
are compared. 


Results. Following irradiation of the type described above, the 
normal persons consuming a good diet or on various vitamin B supple- 


* We are particularly indebted for the laboratory tests to Dr. and Mrs. Ansel Swain 
?/■ Eakin, Dr. S. P. Vilter Dr. Gwei Djen Lu and Mrs. Sue S. Sanders. Miss 

Monetto Springer, R.N., and Mrs. Jane M. Mann, R.N. contributed most efficiently in 
.y plying methods to insure rigid restriction as to diet. The tests and normal diets were 
devised by Miss Jean M. Grant, Nutritionist, who also supervised the dietary controls 
Prior to beginning this experiment she made a detailed dietary assessment of each 
patient and his family. 






ments had no ill-effects, except nausea in 1 white woman. The syn- 
drome of irradiation sickness in varying degrees of severity occurred 
in the rest of the patients, including the normal person who had sub- 
sisted on the vitamin B-deficient diet® for 6 weeks. The symptoms 
in several subjects are recorded in graphic form in Figures 1 and 2. 
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PELLAGRIN in REMISSION White Femole 40 

Fig. 2. — The effect of thiamine on reaction to irradiation. The control diet, one poor in 
B-compIex I'itamins, is the same as that used in previous experiments.® 
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Fig. 3. — The effect of nicotinic acid on reaction to irradiation in a pellagrin on the 

vitamin B-poor diet. 


Figure 2 shows also the result of pjTuvate studies, and compares the 
results of irradiation before and after a supplement of thiamine. In 
Figure 3 the procedure was reversed. Roentgen therapy had no un- 
pleasant effects after nicotinic acid had been given during the last 
6 weeks of a period of more than 3 months on the control diet, but a 
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week after the nicotinic acid supplement was discontinued the same 
amount of irradiation produced the characteristic reaction of Roentgen 
sickness. In all the cases studied there was a rough, but by no means 
exact, correlation between the severity of the reaction and the degree 
of vitamin depletion as gauged clinically. The most extreme reaction 
occurred in the woman with mild peripheral neuritis, who actually 
went into shock, with cold, sweating, cyanotic skin, impalpable pulse 
and systolic blood pressure of 80 mm. Hg. The man whose previous 
food habits were satisfactory had a mild and brief, though definite, 
reaction after 6 weeks on the vitamin B-deficient diet. 



Control GHours 24Hours 


Fig. 4. — Changes in concentration of cozymase and glutathione in the blood of 2 subjects 
with pellagra following irradiation. 


In some instances attempts were made to allay the symptoms by 
injection of large doses of thiamine or nicotinic acid, or both, but once 
the reaction was established these substances were of relatively little, 
value, though it was our impression that they did help to a moderate 
extent. Other studies made in Cincinnati in which similar doses of 
the same vitamins were injected shortly before radiotherapy showed 
them to be relatively ineffective. When, however, a series of Roent- 
gen ray treatments was given, and the irradiation syndrome occurred 
after the first treatment daily oral or intravenous vitamin B supple- 
ments were followed by a decrease in the distressing symptoms. Since 
the psychic factor is difficult to evaluate, control injections of physio- 
logic solution of sodium chloride were tried, and not always without 
apparent help, so this phase of the problem needs more careful study 
on a much larger series of cases before conclusions are drawn. In the 
Birmingham study all subjects received tablets of some kind, so that 
they were not aware of the type of supplement and could not discrimi- 
nate between placebo and vitamin except when the nicotinic acid 
produced flushing. A repetition of the experiment using the amide of 



Fio. 5. — A, Ciasrsical example of CasaVs necklace or cravat. Note also the forlorn 
mask-like facies. /?, Symmetrical pellagrous dermatitis of the elbows, forearms and 
wrists over pressure areas. 
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nicotinic acid has not been carried out but should be in order to 
eliminate the psychic element in the experiment. 

Chemical Studies. There was no significant change in the blood le^'el 
of biotin, pantothenic acid, riboflavin or nicotinic acid. Figure 4 
shows the reciprocal relation of glutathione and cozymase levels. The 
fall in the_ coenzymes had been observed previously,^ but the increase 
of glutathione or some similar reducing substance had not been noted 
before. Its significance remains obscure. The pigments in the urine 
appeared in excessive amounts, as had been found in a previous study.' 

The above observations, under controlled conditions, suggested to 
the authors that we should include this representative case report of 
a patient who developed deficiency states following repeated Roent- 
gen ray therapy: 

Case Report. L. V., 41 year old negro woman, was brought to the Nutri- 
tion Clinic of Hillman Hospital in June, 1943, with a “breaking out” on the 
skin of 2 months duration. 

F.H. and P.H. irrelevant. 

P.I.: She was in good health until June, 1942, when she noticed for the 
first time abdominal pain and a bloody foul vaginal discharge. In August, 
1942, she came to the Hillman Hospital and a diagnosis of carcinoma of the 
cervix. Grade 2, and of a large mjmmata uterii was made. Roentgen therapy 
was started and from then until April, 1943, 40 treatments were applied to the 
lower portions of theabdomen. Followingeach treatment she became severely ill. 
She developed nausea, vomiting and profuse sweating, and on 4 instances appar- 
ently went into “shock.” This “x-ray sickness” caused her to vomit all food 
and water for 2 or 3 days and then for another day or two she had little or no 
desire for food. Accordinglj'', she ate little and retained rather little of that 
scant amount. Still later in the treatment (she does not remember just when) 
her desire for any food of any kind disappeared and by this time she did not 
go a full day without nausea and vomiting. Finally she took no solid food but 
frequently “drank strong coffee to give myself strength.” About the first of 
May, 1943, she noticed large areas of deep pigmentation over the arms, feet, 
hands, legs and neck. The same day she noticed blurring of vision, excessive 
lacrimation and photophobia. Two weeks later she noticed severe pain and 
weakness and paresthesias of the legs and excruciating burning of the feet and 
ankles. At some indefinite time preceding this she noticed “trembles,” 
“crawling sensations” of the flesh, became “fractious,” screamed when she 
heard noises, and could not bear to see anyone. All these symptoms became 
even more pronounced during the first 2 weeks of May. She states that by 
this time she had become so sensitive that when anyone talked to her she cried 
and that her memory was so poor she could not go from one room to another 
in her own house without feeling lost. She said, “Doctor, you can never know 
how weak and dizzy and foolish-headed I am.” In June, she developed 
burning and soreness of the mouth, tongue, throat, and salivation had in- 
creased to the point where she actually drooled large amounts. At this time 
she was having from lO to 12 loose bowel movements daily. 

She reported regularly to the tumor clinic until early in Maj' when she 
became so weak a friend took her to her home. She left no fonvarding address 
and efforts to locate her failed. Finally the friend became so alarmed about 
her condition she brought her to the tumor clinic. From there she was 
referred to the Nutrition Clinic and admitted immediately to the hospital for 
treatment. 

Physical examination showed a well-developed, emaciated negro woman 
(the body av eight had decreased from 247 to 129 pounds within a year). Large 
and small well-demarcated areas of crusted, deepty pigmented, inelastic kins 
covered the elboAvs, forearms, hands, knees, ankles, feet and scapula; and 


63 


— viltkk: irradiation sickness 

extended around the neck to form a collar of Casal (Figs. 5, 6). The tongue 
was edematous with transverse fissures, atrophic at the tip and edges with an 
occasional greatly hypertrophic red papilla. Neurologic examination showed 
greatly diminished muscle power and .tone but no selective weakness. There 
was great increase in calf and peripheral nerve tenderness. Position sense 
was good. Vibratory sense was decreased approximately 30% in the upper 
extremities and 50% in the lower. Pin prick and light touch were normal. 

Clinical impression: Characteristic pellagrous dermatitis, glossitis, stomat- 
itis and nutritional peripheral neuritis (beriberi) . The prognosis is considered 
that of carcinoma and myomata uterii. 

Discussion of Case. Carcinoma and deficiency diseases are both 
notorious causes of loss of body Aveight but none of the visiting physi- 
cians or Dr. Walter B, Frommej^er who studied this patient in great 
detail could see that the tumor process in the cervix could obstruct 
alimentation sufficiently to produce nutritional deficiency symptoms 
of the degree of severity seen in this case. Her diet liad been satis- 
factory, and she had never had nausea, Ammiting or loss of Aveight 
until after the Eoentgen ray treatments. We learned years ago that 
Avhen, for any reason, a great deal of A^omiting or diarrhea occurred 
severe deficiencies are likely to develop very quickly. It appears that 
the tissues of the body gradually adjusted but there came a time in 
May (the usual season for the symptoms of pellagra to appear) Avdien 
the body tissues could no longer adjust and lesions in eA'^ery Avay t3'pi- 
cal of pellagra appeared. The fulminating type of pellagra seen in 
this case developed within a j'-ear whereas without the predisposing 
factors— nausea and vomiting— j^ears of ill-health and frequent recur- 
rences precede an attack of this tjqje. 

Summary. The effect of administering a measured quantity of 
irradiation to the left side of the upper abdomen has been studied. 

Persons on a diet poor in the vitamin B complex developed Roentgen 
sickness, Avhich could be preAmnted or reduced in severity, bj'^ giAung 
supplements of nicotinic acid or thiamine for a fcAv daj^s before irra- 
diation. 

Well-fed persons had little -reaction to the same dose of Roentgen 
raj'^s Avhich made the vitamin B-deficient persons sick. 

The practical application of these results toAvard the prevention or 
reduction in seA^erity of irradiation sickness by means of nicotinic 
acid and thiamine is suggested by these findings. A patient Avith car- 
cinoma and myomata of the uterus is reported in considerable detail 
since she Avas given repeated Roentgen therap.y AAdiich in each instance 
Avas folloAved by severe irradiation sickness. She was not giA’en supple- 
ments of nicotinic acid or thiamine and subsequently developed 
classical pellagra and beriberi. 

Conclusions. Though unqualified conclusions are not justified from 
the few cases it has been possible for us to study adequately, it would 
appear that the optimum time for vitamin therapy is before and not 
after the syndrome of irradiation sickness appears and that such ther- 
apy is essentially preA^entive in nature. If, as we have suggested,^ 
the basic disorder in Roentgen sickness is a disturbance in respiratory 
enzj-me systems, this approach to the problem deserA-es careful clinical 
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application. The fact that nutrition is often deranged in persons need- 
ing radiotherapy makes the use of careful dietary and vitamin therapy 
logical, if on empiric grounds alone. 
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In 1916, Avhile ivorking in Hoivell's Laboratory, MacLean'® acciden- 
tally discovered a substance Avhich proved to be highly anticoagulant. 
HoAvell recognized the significance of this substance, 'and in 191S 
named it “heparin”^ because of its abundance in the liver. The 
application of heparin to the treatment and prophylaxis of thrombo- 
embolic disease remained dormant, however, until Charles and Scott- 
succeeded in preparing a purified barium salt of heparin Avhich afforded 
a practical source of supply. Schmitz and Fischer,^’’ who worked inde- 
pendently in Copenhagen, also had succeeded in obtaining a pure 
brucine' salt of heparin. As a result, extensive experimental and 
clinical trials of this pure heparin ivere carried out by A^arious inA^esti- 
gators, particularly Best and Murraj-' in Toronto, and Jorpes, 
Holmgren and Wilander^® in SAveden. 

The Avork of these iiiA^estigators and of others'^’®''®''®’-'* established 
the A^alue of heparin in A-ascular surgery and in the therapy of phlebo- 
tlirombosis and thrombophlebitis. The beneficial action of heparin in 
the therapy arid prophylaxis of postoperative pulmonary embolism 
has also been stressed.®"® In view of its ability to inhibit, in adequate 
dosage, the formation of blood platelet thrombi, heparin has had 
extensive appeal in subacute bacterial endocarditis.®''^^’^ At the 
present time, the clinical application of anticoagulant therapy in Avar 
surgery is of paramount importance. 

A review of the literature indicates that anticoagulant therapy has 
been effective in a Avide variety of conditions. Unfortunately, the 
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more widespread use of heparin, admittedly the safest and most 
rational of the anticoagulants, has been retarded by the necessity for 
its administration by continuous venoclysis or by periodic intravenous 
injections as suggested by Crafoord and Jorpes.® Of these two 
methods of administration continuous venoclysis is preferable due to 
the ephemeral effect of the individual doses in the fractional method. 
However, continuous heparinization by venoclysis for protracted 
periods of more than 2 weeks is virtually impossible of accomplish- 
ment. Moreover, the expense entailed has been an important deter- 
ring factor because of the huge amounts of heparin required to reach 
therapeutic levels. 

In reporting on a ncAV method of administering heparin originally 
devised for animals,'- it was stated that the method was being adapted 
for humans. This method of depositing heparin subcutaneously in 
animals was arrived at after numerous attempts with pellet and glass 
capsule implantation. This latter approach had to be abandoned 
because of erratic, unpredictable results, the necessity for instrumental 
procedure and the obvious impracticability of sustaining heparin 
effects over prolonged periods. 

To accomplish a slower and more equable absorption of heparin, 
the Pitkin menstruum* was adopted as a vehicle. This menstruum 
was developed to regulate the rate of release of water-soluble drugs 
injected intramuscularly or subcutaneously. The ingredients are: 
gelatin, 15 to 30%; dextrose, 5 to 12%; acetic acid, 1 to 1.5%; distilled 
water, q. s., to 100%. The viscosity of the menstruum, which is 
predicated on the concentration of the gelatin and dextrose, deter- 
mines the rate of liberation of the drug; the greater the viscosity, the 
slower the liberation. In the preparations containing heparin the 
optimum percentages of gelatin and dextrose were 18% and 8%, 
respectively. 

The menstruum is made so that it liquefies at 80° F. Below this 
temperature it remains in a solid state. Its preparation is a rather 
delicate procedure as some of the ingredients oxidize readily and 
deteriorate with heat. It is best to prepare the menstruum by first 
dissolving the gelatin in distilled water, with a moderate degree of heat 
and double the desired percentage strength. After the gelatin has 
been thoroughly dissolved in the distilled water, it is placed in a sterile 
container to which a negative pressure (vacuum) is attached in order 
to draw out the air bubbles before it is allowed to solidify. Twice a 
day for 2 days it is liquefied Avith moderate heat, never over 110° F., 
and subjected to the negative pressure Avhile in the liquid state. On 
the 3rd day it is liquefied, and the dextrose and acetic acid, in excess, 
are added. The mixture is then placed in a vacuum boiler and boiled 
for 15_ minutes. When partially cooled (110° F.), sterile distilled 
water is added in sufficient amount to bring the percentage strength 
of the gelatin, dextrose and acetic acid up to the desired level. At 

* We wisR to acknowledge with thanks the kindness and cooperation of the late 
Dr. George P. Pitkin in furnishing us with details for the preparation of the Pitkin 
menstruum. 



56 LOEWE, EOSENBLA.'I'T: ADMlNISTIlATiON OE HEPARIN 

this time the eucupin dihydroehloride is added for its anesthetic and 
antiseptic properties. The solution is again placed under negative 
pressure and allowed to solidify. It is liquefied daily for 5 days and 
bacteriologic tests made. If free of contamination at the end of 
5 days, the heparin, epinephrine hj’^drochloride, ephedrine sulfate and 
chlorbutanol are then added. The preparation, wliile in a liquid state, 
is distributed in 1 to 2 cc. sterile ampules wliich are immediately 
sealed in the usual fashion with heat. The ampules are again sub- 
jected to the routine bacteriologic tests. From the moment the gela- 
tin is dissolved, all utensils, containers, ampules and so forth must be 
sterile and the solution, handled thereafter with aseptic precautions. 
After the eucupin, heparin, epinephrine, ephedrine and chlorbutanol 
have been added, the tem])erature should never be raised above 110° F. 
The preparation when ready for use is of a light amber color. 

Ampules containing varying proportions of hejiarin* and Pitkin 
menstruum ivith or without vasoconstrictor elements, were prepared. 
All ingredients apart from heparin were found to be inactive in control 
tests. 

The contents of the ampules were liquefied at 110° F., drawn up 
through a 2|-inch, 19-gauge needle into a previously warmed, sterile 
5-cc. or 10-cc. syringe and immediately injected subcutaneously, prefer- 
ably in the anterior or lateral aspect of the thigh. Intragluteal injec- 
tions were also done in a limited number of instances. Although 
this method of administration was abandoned because of too rapid 
absorption, further experience may eventually prove it to be just as 
effective as by the subcutaneous route. When 2 ampules were em- 
ployed, the contents were thoroughly admixed in the syringe before 
injecting. The material congealed promptly following inoculation. 
The injections were administered with a minimal amount of discomfort 
to the patient. Some patients subsequently complained of pain, 
tenderness, and swelling at the site of inoculation, particularly when 
a large amount (3 to 4 cc.) of the menstruum was used. This, how- 
ever, did not prove to be a deterrent to further treatment, and symp- 
toms promptly subsided upon cessation of therapy. 

The initial formula (LP) contained 100 mg. of heparin (Table 1). 
During extensive trialsf with this formula,, it was' found that at times 
there was a preliminary lag of several hours before any appreciable 
rise in coagulation time developed. This was then sustained to 
varying degrees for periods of from 2 to 5 days (Chart 1). In most 
instances there was a prompt rise and in some a sharp drop to the con- 
trol levels. In these latter cases the crystals of heparin could be 
seen floating freely within the menstruum and were not strictly in- 
corporated in the vehicle. The rapid absorption of these crystals 
resulted in a short-lived heparin effect. In other cases, following a 
preliminary sharp rise and fall in coagulation time, there was a secon- 

* We are indebted to the Roche-Organon Company for their generous supplies of 
heparin. 

t We wish to thank Dr. J. Rosenthal of the Jewish Hospital and Dr. A. M. Rabiner 
of the Jevpsh Sanitarium and Hospital for Chronic Diseases for permitting us to utilize 
their service cases for this phase of our work. 
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dary rise and more gradual fall to the base line. In these cases it was 
assumed that the heparin was partially in solution, the primary rise 
being due to prompt absorption of the free crystals; the secondary 
effect was ascribed to the more even and slower absorption of the 
menstruum with its dissolved depleted heparin. Experiments were 
also carried out in which heparin was administered intravenously at 
the same time or shortly after the LP formula was given subcuta- 
neously. In these "primed” cases, there was a rapid rise in the 
coagulation time and precipitous fall which was then followed by a 
more sustained effect as the LP material was absorbed. 

TaBI.E 1.— HePAHIN-PITKIN FORMUI..E 



LP 

LP-8 

LP-9 

LP-10 

LP-11 


(mg.) 

(mg.) 

(mg.) 

(mg.) 

(mg.) 

Cryst. sodium salt of heparin 

100.0 

200.0 

100.0 

100.0 

200.0 

Epinephrine hydrochloride 

1.0 

1.0 

1.0 



Ephedrine sulfate .... 

26.0 

25.0 

25.0 



Chlorbutanol 

0 5 

0.5 

0.5 

0.5 

0 5 

Eucupin dihydrochloride 

1.0 

1.0 

1 0 

1.0 

1 0 

Pitkin menstruum g. s. ad 

1 . 0 cc. 

2.0 cc. 

2.0 cc. 

2.0 cc. 

2 0 cc. 



Chart 1. Patient T. S. Injected with LP (100 mg. heparin). Note sus- 
tained augmentation of coagulation time for 5 days. Patient A. F. Injected 

with LP (100 mg. heparin). Elevation of coagulation time for 3 days Patient 

E. F. Injected with L.P. (100 mg. heparin). Note 4-day heparin effect. 


In order to overcome these shortcomings, the formulae were revised 
(LP-8, 9, 10, 11; Table 1). The amount of Pitkin menstruum was 
increased to 2 cc. in order to accommodate the greater dose of heparin. 
LP-10 and LP-11 (Table 1) were devised so that the dose of heparin 
could be stepped up without adding to the vasoconstrictor elements. 

The effects of formulae LP-8, 9, 10 and 11 were evaluated singly 
and in combination in the course of 242 experiments performed on 
51 patients. Some of these served merely as controls. Many patients 
suffering from thrombophlebitis, phlebothrombosis or subacute bac- 
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terial endocarditis have been and are still being satisfactorily heparin- 
ized by this method. 

It was possible by combining the various formulaj to initiate hepar- 
inization with liberal doses of the drug and then to maintain adequate 
heparinization with smaller doses or by spacing the injections. This 
has been done in actual practice, so that satisfactory results have 
been attained over protracted periods (5 weeks) with but 2300 mg. of 



DAYS 

Chart 2 . — Patient T. G. Tho repeated injection of 200 mg. heparin resuUed in little 
or no augmentation of the coagulation time. The injection of 300 mg. heparin, however, 
yielded a prolonged effect wdiich extended over 3 days. 


heparin (Case 1). This contrasts with a comparable requirement of at 
least 10,500 mg. of commercial heparin were it at all possible to ad- 
minister it by the cumbersome technique of continuous venoclysis. 

Although no precise quantitative investigations were carried out, 
the impression was gained that heparin requirements paralleled body 
weight, This is illustrated in Chart 2. This patient, a tall individual 
weighing 190 lbs., responded little or none to the repeated injection of 
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200 mg. of heparin (LP-9 and 10). The injection of 300 mg. (LP-9 
and 11), however, resulted in a rapid and sustained effect. 

Representative cases demonstrating therapeutic applications of this 
method of heparinization over prolonged periods are the following: 

Case Studies. Case 1. Thrombophlebitis of veiiis of pelvis and lower ex- 
tremities (Chart 3). D. S., a white female, aged 24, was adinitted to the 
Jewish Hospital, service of Dr. E. L. Shlevin, on 1/9/43, complaining Of fatigue, 
low-grade temperature, anorexia and loss of weight. She was delivered of a 
stillborn, month fetus on Oct. 30, 1942. Her postpartum course was 



Fig. 1. — Venograms of lower extremities of Case 1. A, Right lower extremity. There 
is an accessory saphenous vein present. Beading in the column of opaque medium (see 
arrow) is noted. This is indicative of the presence of multiple thrombi. None of the 
opaque medium enters the popliteal, posterior tibial, or femoral veins. These findings 
indicate an extensive thrombotic process involving these vessels. B, Left thigh. The 
popliteal vein is outlined to a point about 5 inches above the knee joint (see arrow). 
Beyond this point dye cannot be demonstrated although a considerable amount has 
passed into the upper portions of the saphenous vein. These findings indicate obstruc- 
tion in the deep femoral vein in its upper two-thirds. 


uneventful until November 15, when she developed swelling of the right leg, 
pain and fever. She was treated with bed rest, but the sjunptoms persisted. 
The swelling of the leg progressed and the temperature did not recede. She 
was then given sulfathiazole and sulfadiazine. The temperature regressed 
slightly with chemotherapy, but edema of the lower extremity spread to the 
thigh and groin. On December 12 the patient was allowed out of bed. The 
next da 3 " the temperature rose to 103° F. Sulfadiazine was again given and 
continued to the time of admission. She complained also of nausea, vomiting, 
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backache and slight drj'^ cough. Physical examination: On admission the 
patient appeared well developed and well nourished. The temperature was 
102° F., pulse 100 and blood pressure 120/80. Both extremities were swollen 
and edematous and there was pehdc tenderness. Clinical impression: A diag- 
nosis of thrombophlebitis involving the veins of the lower extremities and 
pehds was made. Venograms were done on 1/15/43 (Fig. 1). These showed 
obstruction of the deep left femoral vein in its upper two-thirds. Right 
venography revealed multiple thrombi in the saphenous vein adjacent to 
the loiver portion of the femur and extensive thrombotic involvement of 
the femoral, popliteal and tibial veins. Chemotherapy was discontinued, and 
heparin therapy was instituted on 1/16/43 by administering subcutaneously 
2 cc. each of LP-9 and LP-10 containing a total of 200 mg. heparin. From a 
control level of 14 minutes, the coagulation time rose to 55 minutes within 
24 hours. It was maintained continuously between 45 and over 75 minutes; 
averaging about 55 minutes. Injections of 200 mg. of heparin were given on 
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Chart 3 . — Patient D. S. Tlirombophlebitis of pelvic and femoral veins treated with 
heparin administered by the subcutaneous route. Therapy was continued successfully 
for 5 weeks. A total of only 2300 mg. of heparin was required. 


an average of every 2nd or 3rd day. Clinical course: The temperature dropped 
dramatically following cessation of chemotherapy, and remained within nor- 
mal limits except for an occasional rise to 100° F. The measurements of the 
lower extremities were as recorded on Chart 3. The clinical response to 
heparin therapj’’ was highly satisfactorJ^ There were no additional thera- 
peutic measures except for a transfusion of 450 cc. of heparinized blood on 
1/21/43 to combat moderate secondarj^ anemia. There was a slight febrile 
reaction to the transfusion. Of interest was the successful heparinization 
over a period of 5 weeks requiring a total of but 2300 mg. of heparin 
Case 2. — Phlebothrombosis, postoperative. M. G., a white male, aged 44, 
was admitted to the Jewish Hospital, service of Dr. Leo M. Darddoff, on 
10/24/42, for laminectomy to remove a herniated intervertebral disk. The 
postoperative course -was uneventful until 10/30/42 when the patient com- 
plained of pain in both lower extremities. On 11/18/42 severe pain and 
tenderness were present in the left thigh and leg. Physical examination: 
The circumference of the left thigh and leg was considerably greater than the 
right. Edema was also noted, which became more erddent the next day. 
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Crakt 4 . — Patient M. G. Postoperative piilebothrombosis treated with heparin 
administered by the subcutaneous route. Treatment was carried out for 16 days. A 
total of only 1900 mg. heparin was used contrasted with the usual requirement of from 
4000 to 4800 mg. heparin by the intravenous method. 
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Chabt 5. Patient H. T. Effect of compression on heparin effect. Note precipitous 
drop in coagulation time with suspension of heparin absorption due to application of 
compression. Following release of compression, heparin is again liberated with resultant 
prompt rise in coagulation time. ( 61 ) 
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Comparable measurements of both extremities may be noted on Chart 4, 
which also portrays graphically the progress of heparinization. Clinical im- 
pression: A diagnosis of phlebothrombosis of the deep venous channels of 
the left lower extremity appeared justified. Heparin therapy was advised 
and instituted on 11/19/42. Clinical course: A total of 1900 mg. of heparin 
was used over a period of 16 days. Coincidental witli the heparin therapj' 
there was a cessation of the phlebothrombotic process. After 1 -week of 
heparinization, a marked improvement was noted in the leg with respect to 
the swelling and tenderness. This clinical improvement continued, and it 
was reflected by recession of the edema as indicated by the measurements 
(Chart 4). The patient was discharged from the hospital without residua. 

Discussion. The therapeutic response portrayed by the foregoing 
cases has also been observed consistently in a number of other patients. 
These observations will be incorporated in a comprehensive elinical 
report. The present communication is devoted primarily to the de- 
scription of a new method for producing a satisfactory heparin state 
that is safe, easily achieved, practical and economical. 

As compared with our normal of 12 to 20 minutes for humans,* a 
coagulation time of from 30 minutes to 2 hours was considered an 
adequate heparin response. In practically CA^ery instance an accept- 
able prolongation of coagulation time was observed and the effects 
of a single deposit were apparent for 24 to 72 hours or more. On no 
occasion did any complications arise nor were any toxic symptoms 
noted. Despite the gratifying results obtained thus far with the 
formulae at hand, additional experience may disclose the need for 
further revising the proportions of the various ingredients. 

With the method of heparinization by continuous venoclysis, its 
mere discontinuance will result in a return of the coagulation time to 
normal within a few hours. For a more abrupt termination of the 
heparin state, the intravenous injection of whole blood or protamine 
has been advocated. 

With the technique of subcutaneous -administration of heparin as 
here described, no instantaneous withdrawal of the heparin. effect is as 
yet feasible. However, wdiole blood or protamine may be employed 
to neutralize the free heparin, Avhile compression about the site of 
inoculation will effectively suspend its further liberation. This was 
demonstrated in a case of subacute bacterial endocarditis successfully 
heparinized by our method. Injections were made as usual in the 
lateral or anterior aspect of the thigh. Compression was effected for 
1 to 3 hours by means of a tourniquet above or a compression cup about 
the site of injection. Chart 5 depicts the precipitous drop in coagula- 
tion time which followed the compression and the prompt rebound 
which ensued with the release of compression. 

Prolonged heparin therapy by the usual means of continuous veno- 
clysis is economically prohibitive to a large group of patients regardless 
of its proven merit. The use of this subcutaneous method of heparin- 
ization, w’^hile not yet commercially available, gives promise of sharply 

* The coagulation times in all instances were determined by the Lee-Whito modifica- 
tion of Howell’s method. (Gradwohl, R. B. H.: Clinical Laboratory Methods, St. 
Louis, C. V. Mosby Company, p. 514, 1943.) 
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curtailing the cost of this anticoagulant agent because of the reduced 
heparin requirement and ease of administration. 

Summary, A simple, safe, and practical method for the subcuta- 
neous administration of heparin has been devised. Its clinical applica- 
tion has been successfully attempted in 15 cases of thrombophlebitis 
and phlebothrombosis. 
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of Internal Medicine, Marquette Univ. School pf Medicine) 

In these days, with meningococcic meningitis assuming importance 
as an epidemiologic problem, attention must be focused on one feature 
of the disease which is not sufficiently emphasized. Articular involve- 
ment of meningococcic etiology is not uncommon, and frequently 
presents important diagnostic and therapeutic problems. Although 
this complication has been by no means neglected in the literature, 
and an analysis of the subject by Herrick and Parkhurst® in 1919 
represents an orderly approach to this confusing manifestation of the 
disease, nevertheless few publications are available since the introduc- 


Gl 


KOX, GILB]iHT; 


oUh" fcrt tlt'Ti’rf'n ™V' 

G / ri n ”? Chemotherapv seems to 

lm\c nficctof] little, if at all, tlie iriciclcnce of joint involvement during 
tlic disease Since menmpococcic meningitis is again assuming im- 
portance in ^^orl(l ^^ar II, literature on this aspect of the diseL is 
well in order. 

Reiaow of the Literature. 'J’he first clinical mention of the condition 
was gn-en In- \\ eleh-’ as far hack as 1810. In a report to the Massachu- 
.‘'i.tts ivledi(*al Society, he spoke of **swcllings ... in some cases 
(of eerehrospinal fever) . . . in the joint and limbs . . . and 
their aj^jicaninee has been compared to that of gout.” This was over 
(liree-cinarter.s of a eenturv before the discovery of the meningococcus 
itself by Weiebselbaum. Xorth'* mentioned “swelling like rheumatism 
of the joints." Still" and (Twyn” not only reported .some cases, hut 
demonstrated the organism for the first time in the joint fluid, blood 
and eerebrosjiinal fluid. The condition did not escape the keen, 
clinical eye of O.sler’^ '''’ who reviewed the literature up to the beginning 
of the pre.sent (?entiiry, and pre.scnted cases of his own experience. The 
French literature''’ contains many detailed descriptions. World War I 
afforded an excellent opportunity for study of the disease, and accord- 
ingly the most scientific accounts of the joint manifestations have 
re.snlted. Holle.ston,'* in England, and e.specia)ly Herrick and Park- 
hurst" in the I'nited State.s, have undoubtedly made the most valuable 
contributions to the .subject. In the peace years between the last war 
and the jn-esent, little has been .said oiit.sidc of the reports of isolated 
eases by .laffe,''’ K'obayashi,'" and Campbell and Greenfield.- A few 
articles on the doubtful entity of postmeningitic spondylitis have also 
ajijieared. One exception on the relative silence on the subject was 
the article iiy .Seiiein,-'’ reporting on 23 ease.s of liis own experience. 
Heecntly (hittelF gave the first report of meningococcal arthritis m a 
jiaticnt who had been treated with the sulfonamides, riieir case, no 
dissimilar to the one presented here, was also found to yield puru en 
joint liuid on asjiiration. 'I'liey point out that “meningococcic ar i 
riti.s with purulent effusion is a rarity.” II ow much of a ^ , 
actually is, a.s well as other que.stions on the entire subject, pr 
ably be answered by the medical workers in our Anncd , , .r. 

Clinical Classification. We are indebted to Herrick , 

for a jn-actical classification of types of arthritis, but it mus ' 

that tlicir classes arc not always sharply demarcated, an 
.several tyjios may occur in the same patient, as in the case pr . 

here. 'riic.\- s])oke of 3 types. f • • 4 . invnlve- 

7]i/j>e J. In this group falls the “rheumatic” type of JOJn 
meiit, f. the imiltiijlc-joint arthralgias occurring • „ococ- 

davs of the disease as part of the general picture of tlie 
comia,. It occurs simultaneously with the other features o 

coccic .sep.sis, notably the purpura. Pathologically, there is c p 

kr H'o foints, .s» to'speaki if I-Iomck is right in S™) 

intrn-articular hemorrhage as the cause (of. sfvel- 

(llinieally the pain, redness, and tenderness are inaiived, tn h 
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ling is at a minimum. It is a symmetrical polyarthritis, affecting any 
of the joints. Its duration is short and frequently merely transitorj^ 
often being overshadowed by the usually dramatic picture of the 
primary disease, or overlooked in an irrational or comatose patient 
because of its subjective rather tlian objective character. Herrick was 
probably correct in considering these cases as particularly severe ones, 
but his grave prognosis for meningitis eases with Type A articular 
involvement no longer holds, for the severe bacteremia of these cases 
offers no special barrier to the marvelous sulfonamides. The joint 
manifestations may actually precede the meningeal (by as much as 2 
months, according to Schein), and the patient then presents a picture 
of rheumatic or gonorrheal arthritis. The difficulties of diagnosis in 
such an instance are obvious; indeed, our Jamaican patient had joint 
sjTnptoms a full day before these of the central nervous system, and it 
would have been impossible to have forecasted his meningitis at that 
time. 

Type B. While the ankle involvement in our patient definitely 
belongs in Type A, his knee joint lesions are an excellent example of 
this B group. Here the arthropathy has its onset later in the disease, 
usually after the 5th day. It is usually monoarticular (if more than one 
joint is involved, one takes precedence over the others), and the knee 
is the joint most frequently involved. Effusion is the predominating 
feature of this type. Pain, redness, tenderness, and limitation of 
motion are reported by most observers to be characteristically at a 
minimum; but we find ourselves in complete agreement with Schein-® 
and Cattell® that the effusion is by no means silent in all cases. Herrick 
and Parklmrst® felt that this arthropatliy occurred in mild cases of 
meningitis, and they considered tlie general prognosis of the patient to 
be good. We have not found this complication to be dependent on the 
severity or mildness of the disease; and the reason for their favorable 
outlook was probably because of the fact that if the patient had sur- 
vived up to the appearance of the complication, his natural powers of 
resistance would probably carry him through the rest of the disease. 
Meningococci are reported to be found in the joint fluid in one-third 
of the cases. The fluid itself may be mucinous, serous, seropurulent, or 
frankly purulent. Pathologically it appears to be an infectious lesion, 
in contrast to the hemorrhagic ^aracter of Type A joints (c/. section 
on pathology). Its duration is relatively long, and occasionally it is 
not without lasting effects on the joints themselves. 

Type C. Herein fall the cases of arthralgias and arthropathies 
occurring as part of the well-known serum sickness. Its importance is 
small now that serum therapy of meningitis has become outmoded. It 
is related in no way to menmgococcic meningitis and may occur in any 
disease whpe serum is gi-\mn. It is an aseptic, serous type of arthritis, 
an urticaria of the joints, so to speak. Signs and symptoms are 
moderate, duration is short, and the prognosis is excellent. Coca'* 
found the incidence of joint pain in serum sickness to be 1 to 2%. 
Schick,-* quoted by Schein,-® stated that “articular pains seldom occur 
but can be intense and annoying, involving large or small joints, often 
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only one joint, the conditions being marked by transience and absence 
of objective symptoms.” As Schein points out, this type (which occurs 
after the 6th day following the serum injection by any route) has its 
onset at the same time as Type B. As there are no absolutely differ- 
entiating characteristics, it is difficult to be certain with wliich type one 
is dealing but, we must reiterate, this problem will no longer be of any 
concern. 


Table I. — Articular Involvement in Meningococcus Infection 






Onset 

Treatment 







Joint 

(day ot 

(of primary 

Trcaliuenl of 



Patient 

Sex 

Age 

involved 

disea.'e) 

disease) 

complication 

Duration 

RceuU 

H. M. 

M 

7 

Ll. elbow 

7th 

Scrum— intra- 

Aspiration 

2 wks. 

Asymptomatic 






muscular, ven- 

(10 cc. puru- 








ous, thecal 

lent material) 



W. O’C. 

M 

19 

Rt. knee 

5th 

u 

Conservative 

Over 2 

SI. amt. of pain and 




Lt. knee 

Cth 



wks. 

stiffness in both 
knees on dis- 
charge from hosp. 

E. S. 

F 

36 

Ijt. shoulder 

7th 


“ 

3 days 

Asymptomalic 

D.C. 

M 

20 

Lt. knee 

7th 



2 days 

<< 



mos. 







C.C. 

M 

34 

Both ankles 

1st 

Sulfathiazole 

“ 

2 days 





Lt. knee 

8th 


Aspiration 

2 wks. 

</ 




Lt. ankle 

Kith 


Conservative 

2 days 

(1 

E.H. 

M 

39 

Lt. knee 

11th 

» 

(1 

10 days 

(( 

J. P. 

F 

15 

Both ankles 

1st 

Sulfadiazine 

** 

2 days 

14 

L. S. 

M 

20 

Rt, knee 

Cth 

u 


2 wks. 

Asyraplomatic— 









hut still sliglilly 
swollen 

R. B. 

M 

3 

Rt. wist 

loth 

4 ( 

" 

5 days 

Asymptomatic 




Rt. knee 

ICth 



1 day 

it 

L. H. 

M 

48 

Rt, elbow 

1st 

Sulfalhiaiole 

4f 

3 days 

U 


Postmeningitic Spondylitis. This doubtful entity, was described by 
Epstein,® and later by Billington.* In view of its rarity and its occur- 
rence always at the lower lumbar spine, it is possible tliat it is in reality 
a postpuncture affair, a cellulitis, a spinal osteomyelitis, or even, as 
Schein^® suggests, herniation of the nucleus pulposus due to injury to 
the protecting annulus fibrosis by the spinal needle. 

Sulfatoxic Arthritis. This entity, though rare, may make its appear- 
ance during the disease in view of our newer methods of treatment. 
Its rarity is attested to by the fact that authoritative reviewers of 
sulfonamide toxicities either fail to mention such an occurrence, or 
merely speak of transient arthralgias. Long ct however, say: 
“Painful joints have l^een reported in the course of sulfanilamide 
therapy and we have noted several patients who have received sul- 
fathiazole had exquisitely tender, swollen joints.” They emphasize 
that this occurrence may confuse the treatment of gonorrhea because 
of its resemblance to gonorrheal arthritis. Glicklich and Sherman’^ 
report a very interesting case in which the arthritis was in all probabil- 
ity of chemical origin. This was a case of chancroidal infection, treated 
with sulfathiazole, in which the knees and elbows became tender and 
swollen with effusion. They aspirated 50 cc. of clear, sterile (on cul- 
ture), serous fluid containing a few polymorphs per liigh-power field 
and 4.1 mg. per 100 cc. of sulfathiazole. Coincident with this were other 
manifestations of drug toxicity. The Ducrey lesions had disappeared 
this time and the drug was stopped; the joint symptoms then sub- 
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sided. One week later, after a test dose of 3 gm. of sulfathiazole, the 
full picture of drug toxicity (including the joints) returned. The drug 
was stopped immediately, and the patient became asymptomatic in 12 
hours. A high protein level (above 3.2%) of the joint fluid and a sugar 
content markedly lower than that of the blood definitely su^ests an 
infectious rather than a toxic arthritis, but until more data is had on 
“sulfarthritis” this cannot be regarded as an infallible differentiating 
test. 

We have spoken of Type A arthritis as purpuric, Type B as infectious, 
and Type C as urticarial. It is perhaps wrong to call the condition an 
arthritis. It is, rather, a synovitis, or at the most a periarthritis, but 
actual involvement of the osseo-cartilaginous tissues may occur. 
Keefer et alM give the most recent and perhaps most accurate knowl- 
edge of joint lesions. “Meningococcic arthritis is a metastatic lesion 
involving first the deeper synovial tissues” (Type A of Herrick). 
“Later,” (Tj^e B) “infection invades the superficial cells with effusion 
of fluid into the joint cavity and varying degrees of destruction of the 
cartilage. It is essentially a metastatic acute synovitis.” This, 
CattelP implies, makes Herrick’s® classification meaningless, since his 
Types A and B are but varying degrees of severity of the same “ens 
morbi.” Even if this be true, and Herrick’s grouping be worthless 
from a pathologic standpoint, it is still a most useful clinical clas.sifica- 
tion. Certainly, much more study of the lesions postmortem must he 
done. 

Incidence. Rolle.ston'^ of England reported an incidence of 4.8% of 
articular involvement in meningitis. Councilman et al} reported 5.4%, 
Herrick’s series showed 6.5%. A series at the Bellevue Hospital 
revealed an incidence of 7.7%.‘-‘’ Saintoifi® believes this complication 
to be much more common, occurring in some degree in one-fifth of the 
cases. At our South View Hospital 10 cases of arthritis have occurred 
among 266 cases of meningococcus infection within the past 12 years. 

Four cases of articular manifestations occurred among 215 patients 
during the 10-year period previous to the advent of chemotherapy. 
Six cases occurred in the past 2 years among 51 cases of meningococcus 
infections treated only with sulfa drugs. The wide difference between 
1.9% incidence before, and 11.8% occurrence since the use of chemo- 
therapy may well be accounted for by the lessened mortality with 
more opportunity for complications during convalescence due to the 
life-saving benefits of the sulfonamides. 

C^e Study. The case of meningococcic meningitis presented here is of 
special interest, first in that it included two types of arthritis, and second 
because of the rare type of purulent articular involvement occurred after the 
meningeal infection had been cured by an adequate blood level of sulfathiazole. 
The patient was a 22 year old Jamaican who had been in this countr 3 ' only a 
few months. He was doing agricultural work at Winneconne, Wis., as part of 
the Government's effort to solve the manpower shortage problem. He became 
ill while at work and was taken to the Milwaukee County General Hospital 
with severe pain in both ankles as his chief complaint. Headache, sore throat, 
stiff neck, and fever were his other entrance complaints. Interestingly 5 
months before, while still in his native land, he developed ankle pain during 



08 


FOX, gilbert; 


the course of yaws. At this time he received arsenicals, and the joint pain dis- 
appeared. His main request now of the examining ph 3 'sician was for “another 
injection” to relieve his ankle pain. 

Physical examination revealed a w'ell-developed, well-nourished colored male 
who tossed about in bed during the examination and complained constantly of 
his head and ankles. His left pupil was large and round and did not react to 
light. The right was small and round and reacted. Ears and nose were normal. 
The pharynx was moderately injected, tonsils were small, and the teeth were 
in good repair. His head was held absolutely rigid, and attempts at flexion 
elicited an inconclusive Brudzinski sign. There was no cervical adenopathy. 
Examination of the chest revealed unrestricted respiratory excursions, nonnal 
lung resonance, normal breath sounds, and absence of rfdes. The heart size 
was normal, the rate moderately rapid and the rhythm regular. The abdomen 
was soft and non-tender; there were no palpable organs or other masses. 
Inspection of the ankles failed to reveal any evidence of pathologic change, but 
there was extreme pain on jralpation and on active and pa.ssive motion. Patel- 
lar reflexes were absent bilaterallj’. Kernig’s sign and the Babinski reflex ivere 
also absent. The temperature on entrance was 102.2° F. rectally, pulse 88, 
and respiration 20. Total white count was 16,000. On lumbar puncture, 
cloudy fluid under 25 mm. Hg pressure was obtained. This contained 18,075 
leukocytes per c.mm. with a predominance of pol}'morphonuclear leukocytes. 
There were a few large gram-negative diplococci extra- and intra-cellularly, 
which proved to be meningococci on culture. Sugar was absent, protein 250 
mg. per 100 cc., and chlorides 700 mg, per 100 cc. The patient was given 
6 gm. orallj' of sulfadiazine in the first 8 hours and rvas then transferred to the 
South View Isolation Hospital. 

Here he was placed on large doses of sulfathiazole oral] 3 ^ On repetition of 
lumbar puncture, cloudy fluid was obtained under slightly increased pressure, 
containing 8370 leukocytes per c.mm. (71% polymorphs, 29% Ijmphocytes). 
Smear showed numerous pus cells, few Ijmphocytes, and occasional gram- 
negative diplococci resembling meningococci (although culture was negative). 
Dextrose was 33 mg. per 100 cc., and protein 04 mg. per 100 cc. Blood and 
cerebrospinal fluid Kahn tests were negative. The urine was negative except 
for a trace of albumin, which, however, was absent on subsequent urinalyses. 
Six days after entrance, the total white blood count was 10,200 and 5 days 
later was 8520 with 64% poljmorphs (53% segmented and 11% non-seg- 
mented), 28% lymphocytes, 7 % monocytes, and 1 % eosinophils. 

On the 6th day of the disease, after having received 29 gm. of sulfathiazol^ 
he developed marked pain in his left knee. This rapidlj"^ becarne warm ana 
swollen, and on the following day 40 cc. of greenish purulent fluid were ^pt~ 
rated. The fluid contained numerous pus cells, but no organisms could oe 
demonstrated on smear. In all, 350 cc. were aspirated on 5 occasions, and the 
fluid finally became serous in character and contained only a few pus cells. 
On the 12th day of the disease he developed a painful moderate effusion into 
the left ankle joint and at the same time a skin eruption, consisting of nunmrous 
small papules over the trunk and extremities. Tlie drug was continued and 
the rash disappeared in 2 days, the ankle swelling subsiding, without aspiration, 
in 4 days. The blood level of sulfathiazole at this time was 11 mg. per 100 cc. 
and blood culture was negative. The joint fluid had a level of 
100 cc. of the total drug, and culture of the fluid was negative. On tM 18th 
day of his disease, the patient was transferred back to the Milwaukee County 
General Hospital for convalescent care, completely asymptomatic, but with 
apparently a small amount of fluid in the left knee joint. Roentgenograms 
showed no significant change in either knee joint. 

Discussion,' Little has been said about the actual direct etiologic 
agent. The most likely explanation is a metastatic invasion of the 
synovial membranes by the meningococcus itself, these tissues acting 
as “loci minoris resistentiae” during the septicemic stage. Herrick’s 
observation of the presence of the bacteria in one-third of the joints 
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would seem to bear this out. However, one must wonder at the failure 
of the “sulfa” drugs to lower the incidence of the complication. Per- 
haps the infection becomes quickly localized and therefore resistant to 
the drug. Perhaps the joint lesion is a hypersensitivity response. Or 
maybe a symbiotic virus infection is the cause of the joint lesions. The 
possibility of one or more of the 12 strains of meningococcus being 
viciously arthrotropic must be thought of. Indeed, one is forced to 
speculate on the amazing similarity between the gonococcus a-nd the 
meningococcus. The latter differs from the former in the ability to 
ferment maltose and in being less uniform in size. Otherwise the 
resemblance is startling. And, as a matter of fact, their tissues of 
predilection may be the same; the gonococcus can invade the meninges 
as well as the joints and the same is true for the meningococcus. Indeed, 
a case of urethritis resembling gonorrhea in every respect showed 
meningococci on bacterial examination. Sabah and Faham^* reported 
a case of gonorrheal arthritis successfully treated with polyvalent 
antimeningococcus serum. 

Summary. 1. The literature dealing with articular complications of 
meningococcus infections has been reviewed to date. 

2. The incidence of articular involvement during the course of 

epidemic meningitis for patients at the South View Hospital has been 
compared with experience elsewhere. o-/'' 

3. In our series of 215 patients treated witl^ sulfa drugs the incidence 
of arthritis was 1.9%, in comparison with an 'incidence of 11.8% arth- 
ritis among 51 patients receiving sulfonamides. 

4. A case record of a monarticular purulent synovitis has been 
presented. 
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The contradictory results we obtained in our experimental investiga- 
tion of the effects of vitamin E and other vitamins in the treatment of 
amyotrophic lateral sclerosis naturally raised the question whether 
the disease was one entity due to a constant etiologic factor or a clinical 
syndrome of varying etiology. To answer this question we studied 
intensively 81 patients personally observed between 1939 and 1942. 
Of this group we would designate 68 as primary; the rest, although also 
fairly tj'pical clinically, we would regard as sj^mptomatic. The two 
are discussed separately. 

We did not include atypical or so-called transition cases, and rigidly 
excluded cases of progressive spinal muscular atrophy and lateral 
sclerosis, because we regard them as different entities. Most writers, 
it seems to us, are not definite on this point. The recent paper by 
Swank and Putnam* dealt with amyotrophic lateral sclerosis and 
“related conditions.” In 1935 Petersen* reported on 22 cases. Dana's* 
older study of 70 cases’ obviously included a large number of progressive 
muscular atrophies. 

Amyotrophic lateral sclerosis has always been regarded as a system 
disease involving the old and new motor systems, and it is known to 
follow a fairly consistent clinical course. As we studied the incidence 
of “types,” the various modes of onset, unusual manifestations, pos- 
sible etiologic or precipitating factors, and clinical variants, we began 
to doubt the unitary concept. All our patients were observed over 
long periods of time, up to S years, many to a fatal termination and 
necropsy, and we were able to study the life history of the disease. 
Without anticipating conclusions, we may indicate that our study 
justifies the tentative opinion that amyotrophic lateral sclerosis 
appears to be not one single disease entity but a syndrome of variable 
etiology, and that there are at least 3 different types which manifest 
themselves more or less the same clinically. . - 

General Etiologic Factors. Sex. Table 1, giving the number of men 
and wornen according to age groups, shows a male-female ratio of 

* Aided by a grant of the John and Mary R. Markle Foundation and The Hoffmann- 
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2-1 in the primary group. The usual ratio is given as 3 or 4 to 1.® 
In the bulbar types, the sex incidence is said to be reversed, but this 

was not true of our 22 cases. j + 1,0 n■r•oQ^■ 

Age. Though practically all age groups wwe represented, the great- 
est number occurred between 30 and 69 (Table 1). The yoynge 
case in our series was a girl 16 years of age and the oldest a man of 74. 


Table 1 .— Distribution of Cases According to Sex and Age at Time 

OF Onset 


Ag© 

Men 

Women 

Totals 

10-19 . 

.... 0 

1 (16 yrs.) 

1 

20-29 . 

.... a(20,23yTS.) 

0 

2 

30-39 . 

.... 10 

5 

15 

40-49 . 

.... 12 

7 

19 

50-69 . 

.... 16 

6 

21 

60-69 . 

.... 7 

2 

9 

70-79 . 

. . 1 (74 yrs.) 

0 

1 

Totals 

.... 47(70%) 

21 (30%) 

68 


Nationality, Occupation and Heredity. Fourteen national groups 
were included in the series, but there were no Orientals and Negroes. 
All varieties of occupation were represented, without anyone predoru- 
inating. There was no history of familial incidence of amyotrophic 
lateral sclerosis in any of the cases, so that hereditary factors can be 
excluded. 

Other Etiologic Factors. Table 2 summarizes other possible etiologic 
factors which may be discussed in some detail. 


Table 2.— Possible Etiologic and Precipitating Factors 


I. Dietary and gaslro-inlestinal: ' Cases 

(а) Inadequate diet ' 3 

(б) Marked weight loss, preceding onset 6 

(c) History of gall bladder disease with restriction of fatty foods . . 3 

(d) Restriction of diet because of “dysentery” 1 

(e) Recurrent ulcer with gastro-enterostomy 1 

(/) Unsuspected gastro-intestinal pathology discovered at postmortem 3 

II. Inflammaiory: 

(а) Severe upper respiratory infection at onset 2 

(б) Syphilis ' . . 1 

(c) Previous acute poliomyelitis 1 

III. Vascular: 

(fl) Diabetes 

(6) Arteriosclerosis with thrombo-angiitis obliterans and coronary 

artery disease 

(c) Marked generalized arteriosclerosis, clinically 5 

IV. Toxic: 

(а) Exposure to gasoline 

(б) Exposure to lead (painters) 

(c) Exposure to heavy metals (electroplater) 1 

id) Spinal anesthesia 2 


Dietary and Gastro-intestinal. Of 68 cases, 16 gave a history of 
dietary deficiency or gastro-intestinal dysfunction. The diets of 3 
were definitely inadequate (Cases 7, 8, 32). SLx patients (Cases 20, 
M, , 48, 53, 67) gave a history of marked weight loss. Three patients 
(Oases 25, 38 and 41) had a history of gall bladder disease with restric- 
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tion of fatty foods from 1 to several years. One (Case 9) gave a history 
of restricted diet for 3 years because of diarrhea due to “dysentery.” 
Another (Case 17), had a gastro-enterostomy for ulcer with recurrence 
1 year before the onset of amyotrophic lateral sclerosis. Finally, in 3 
of the 11 cases that came to necropsy, the unsuspected findings were 
carcinoma of the pancreas, perforated duodenal ulcer and cholelithiasis. 

Inflammatory. In the primary group only 2 patients (Cases 27 and 
32) gave a history of severe upper respiratory infections at the onset 
of their illness. One typical patient (Case 31) had a history of syphilis 
but developed the syndrome only after adequate treatment gave a 
serologically negative reaction. One* patient (Case 20) had acute 
poliomyelitis at the age of 5 with a residual left foot-drop 31 years 
before the onset of amyotrophic lateral sclerosis. In the symptomatic 
group, there were a number which showed clinical signs and symptoms 
of inflammation of the nervous system. 

Vascular. Despite the fact that we suspect a vascular etiology in 
some cases, and there is no doubt of this in certain bulbar tjqies, few 
of our patients in the primary group showed evidence of vascular 
involvement. One (Case 32) had diabetes but without evidence of 
severe vascular disease. Another (Case 48) gave a history of thrombo- 
angiitis obliterans and coronary artery disease, and showed signs of 
generalized arteriosclerosis. Five others (Cases 29, 35, 40, 57, 58) 
showed clinical signs of marked generalized arteriosclerosis. In 2 of 
these, this was confirmed at necropsy. All had typical syndromes. 

Toxic. None of the patients in the primary series showed any 
“toxic” manifestations, and, where suspicions were entertained, lab- 
oratory studies gave negative results. However, in the symptomatic 
group are recorded 2 cases following spinal anesthesia. 

Trauma. This seems to us entirely fortuitous. In not a single 
instance was there anything to suggest an etiologic relationship betv'een 
the trauma and amyotrophic lateral sclerosis. 

Clinical Types. Tables 3 and 4 show the distribution according to 
“clinical types.” Actually we feel that classification as to types adds 
little to the understanding of the problem, and merelj'^ describes local- 
ization in the nervous system. In our series the frequency of the 
various “clinical types” corresponds approximately to that reported 
by other authors.® 

Table 3. — Distribution of G8 Cases According to Clinical Tvpe 


Type Cases 

Cervical 26 

Bulbar 22 

Quadriplegic 13 

Lumbar S 

Hemiplegic 2 

Total 68 


Onset. The earliest manifestations of the disease recorded in our 
series are summarized in Table 4. The most frequent initial symptom 
was generally weakness of a hand or a leg, an arm or shoulder. Of 
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special interest was facial weakness as the initial symptom, and of the 
larynx as shown by impairment of the voice. The symptom of gen- 
eralized weakness as a first manifestation occurred only in the bulbar 
group. 

Table 4.— Initial Manifestations of Amyotrophic Lateral Sclerosis 


Lower extremities: Case; 

Weakness, bilat 9 

Weakness, unilat 8 

Stiffness 1 

Twitchings 1 

Weakness and pain, bilat 1 

Upper extremities: 

Weakness, bilat 3 

Weakness, unilat 25 

Weakness and atrophy, bilat 1 

Weakness and atrophy, unilat 8 

Weakness and pain 4 

Other sites: 

Hemiplegic weakness 1 

Quadriplegic weakness 3 

Marked generalized weakness 3 

Bulbar: 

Voice changes 10 

Dysphagia 7 

Emotional instability 3 

Dyspnea 2 

Sialorrhea 2 

Dryness of throat -2 

Facial weakness 2 

Pain in tongue 1 

Pain in throat 1 

Bitter taste 1 

Nausea 1 

Abdominal cramps 1 

Table 5. — Signs of Pyramidal Tract Involvement 

Abdominal reflexes: Cases 

Active 34 

Weak 19 

Absent 12 

Absent, unilateral 3 

Plantar response: 

Normal 22 

Weak 9 

Absent 6 

Extensor (Babinski): 

Unilateral 12 

Bilateral 19 


Symptomatology. The signs naturally varied considerably according 
to the duration of the disease process. While, in general, weakness, 
atrophy and fibrillations tended to increase as the disease progressed, 
it was not uncommon to find marked weakness with little or no atrophy 
and fibrillations, or fairly marked fibrillations with only slight atrophy 
and weakness. In only one of our patients (Case 64) was there spas- 
ticity or an increase of tone in the upper extremities. In the lower 
extremities, especially in all the spinal tjTies, spasticity or increased 
tone occurred frequently, but not invariably. A fairly common 
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observation was the presence of marked hyperreflexia with pathologic 
reflexes and little or no spasticity. Hyperactive jaw jerks were found in 
14 cases, and, as was to be expected, most frequently in the bulbar 
type. Table 5 shows that diminution or absence of the abdominals 
occurred in less than half the cases. This is an important and well 
known fact. The Babinski sign, too, was found in less than half the 
number of cases. 

Unusual Symptoms. Somewhat unusual symptoms were found 
rather frequently. Thirteen patients showed fairly marked emotional 
lability with frequent forced laughing and crying; this included 2 
(Cases 47, 48) in whom euphoria was more or less constant. An oily 
face and a relatively fixed expression was seen in 2 patients (Cases 
42, 55). We also observed unusual ocular signs. Three patients 
(Cases 24, 29, 58) had irregular pupils, and bilateral ptosis was present 
in 3 (Cases 25, 29, 60). Nystagmus was found in 2 (Cases 22, 52), and 
weakness of convergence in 1 (Case 19). Facial weakness occurred 
in 12 cases; this was bilateral in 5 and unilateral in 7. Loss of voice was 
the first sj'^mptom in 2 patients. Marked sialorrhea occurred in 6 
patients. Dryness of the throat as a persistent complaint was present 
in 2 (Cases 42, 57). There was bilateral loss of taste in 1 patient 
(Case 16). One (Case 44) had several attacks of vertigo, 3 complained 
of hesitancy in urination, urgency and retention (Cases 24, 29, 58). 

Sensory Symptoms and Signs. Generally neither pain nor sensory 
signs are associated with the syndrome, but 32 patients gave a history 
of both. These are summarized in Table 6. Pain, burning, tingling, 
numbness and other dysesthesias occurred at one time or anotlier. In 
most instances they were transitory, in 9 cases they persisted through- 
out the course of the disease. One patient (Case 55) had an appen- 
dectomy performed because of abdominal pain. Objective sensory 
disturbances, namely, involvement of the peripheral nerves and of the 
posterior columns, have been reported by Wechsler, Brock and Weil® 
and by Davison and Wechsler.® 


Tabi.e 6. — Sensokt Symptoms and Signs in Amyotrophic Lateral Sclerosis 


Subjective: 

Pain, numbness, burning, paresthesias 

1. Preceding onset 

2. At onset 

3. During course 

4. Throughout course . . . . 

5. Abdominal pains 

6. With onset of bulbar syndrome; 

Pain in throat . . ' . 

Pain in neck 

Pain in tongue 


Cases ' 
29 
5 
3 
12 
9 
2 

1 

1 

1 


OhjecliTc: 

1. Transitory loss of sensation — right median nerve 

2. Hysterical hemi-sensory syndrome . ■ ■ • 

3. Loss of vibratory sensation in lowers 


Other Findings. Thorough general physical and extensive laboratory 
examinations were carried out on all patients. These included blood 
counts, urinalyses, blood chemistries, serologic studies, spinal fluid 
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examinations, gastric analyses, duodenal drainage, glucose and galactose 
tolerance tests, Roentgen rays of the skull, chest, large and small 
intestines, electrocardiograms, electroencephalograms and basal metab- 
olisms. With the exception of the blood uric acid none of the findings 
showed any consistent deviation from the normal.^ Considering the 
fact that for the most part our patients were in the middle and older 
age groups, the. relatively few cases of general physical disease are 
notewortliy. Although mental symptoms, namely, psychotic man- 
ifestations, are recorded in the literature,® none of our patients in the 
primary group showed any. Spinal fluid studies showed no abnormal- 
ities in the primary cases, except for a not infrequent rise in protein, in 
1 case as. high as 84 mg. per 100 cc. Necropsy was performed in 11 
cases. In all of these, the pathology was typical of amyotrophic lateral 
sclerosis. One case showed in addition evidence of old poliomyelitis. 


Tabi-e 7. — Cases Followed Until Death 





Total 

duration 

Age at 


No. 

Type 

Se.v 

(months) 

onset 

Remarks 

19 

Bulbar 

F 

39 

34 


20 

Bulbar 

F 

8 

36 


29 

Bulbar 

M 

11 

63 


35 

Bulbar 

M 

22 

64 


38 

Bulbar 

F 

22 

48 


42 

Bulbar 

M 

36 

42 

Average duration, bulbar 

47 

Bulbar 

M 

21 

35 

type: 20 months 

50 

Bulbar 

M 

6 

48 

52 

Bulbar 

M 

23 

53 


61 

Bulbar 

M 

5 

61 


30 

Bulbar 

M 

26 

36 


39 

Bulbar 

M 

36 

62 


23 

Quadriplegic 

M 

25 

23 


41 

Quadriplegic 

F 

26 

55 

Average duration, quadri- 

49 

Quadriplegic 

M 

12 

48 

plegic type: 19 months 

58 

Quadriplegic 

F 

13 

56 

37 

Lumbar 

M 

30 

42 

Average duration, lumbar 

13 

Lumbar 

M 

23 

63 

type: 26.5 months 

40 

Cervical 

M 

6 

56 

Average duration, cervical 

44 

Cervical 

M 

11 

48 

8 

Cervical 

M 

27 

35 

type: 14.7 months 


Shortest duration, 5 months; longest duration, 39 months; average duration (22 cases), 
19.6 months. 


Course and Prognosis. Twenty-two of the 68 patients were followed 
until death. Table 7 summarizes some of the data on these cases. We 
wish to point out that while averages have some validity, they do not 
tell the whole truth. Thus, the average duration of the bulbar group 
was higher than that of the cervical. If, however, the 3 patients who 
survived 3 years are deducted, the average duration of the former 
drops below tlie latter. Furthermore, the larger number of deaths in 
the bulbar group shows that not only is the average duration less but 
the mortality is greater. Another point which is not evident from these 
averages is that while the average life expectancy is 2 years or less, 
quite a number of patients with amyotrophic lateral sclerosis live 3 or 4 
or more j^ears. This is true of all types, including the bulbar, although 
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in the main, those with initial involvement in the lumbar cord are apt 
to live the longest. 

No spontaneous remissions were noted in any of our cases. In the 
vast majority the course was inexorably downhill to a fatal termination. 
Although we are not concerned here with therapy, we wish briefly to 
record a few observations on vitamin E administration without draw- 
ing any conclusions. All patients received adequate doses of vitamin E 
during the period of observation. Fifty-tliree showed not the slightest 
effect; 15 seemed to show some favorable response. Seven of the latter 
(Cases 1, 5, 6, 30, 32, 41, 54) showed a temporary improvement in one 
or more groups of symptoms, after which they continued their down- 
ward progression, l^ur (Cases 4, 10, 43, 56) showed what seemed to 
be an arrest, in that there has been no noticeable progression. Four 
others (Cases 14, 24, 55, 62) showed actual improvement in one or 
more signs, an improvement which has persisted during the period of 
observation. There have been no cures and no recoveries. 

Symptomatic Amyotrophic Lateral Sclerosis. As already mentioned, 
the cases in the primary group were rather carefully selected to include 
only those that showed the typical combination of upper and lower 
motor neurone disease. However, a number showed a clinical picture 
identical with or closel.'S" resembling amyotrophic lateral sclerosis, but 
they seemed to be related to specific etiologic factors. These we desig- 


nate as symptomatic. 

EncephaloinyeUtis. Two patients presented clinically a picture of 
amyotrophic lateral sclerosis in thecourseof diffuse inflammatoiy disease 
of the nervous system. Wimmer** long ago described cases of amyo- 
trophic lateral sclerosis on the basis of encephalomyelitis. Although 
none of the cases included in the primary group gave a history of 
encephalitis, ocular signs occurred as unusual manifestations in 9 of 
the patients. 


Case Studies. Case 1. G.R. (298058), a 52 year old housewife began, 
4 months before admission, with sudden onset of unconsciousness which lasted 
for 3 days, followed by stupor and a temperature of 105° F. for 1 week. She 
then had diplopia which lasted for 2 weeks, was unable to speak clearly, had 
difficulty in swallowing, and weakness of all 4 extremities. Gradually the 
weakness of the left side of the body receded while that of the right side of the 
body increased, and speech disturbance grew more pronounced. One montii 
before admission, fibrillations of the right upper e.xtremity were observed. 

Examination showed right hemiparesis with spasticity and increased reflexes. 
There were fibrillary^ twitchings of both upper extremities with atrophy of the 
intrinsic muscles of the hands, the right greater than the left. The speech was 
nasal; there was paresis of the soft palate on the right side and the tongue 
deviated to the left. The right pupil was slightly larger than the left and there 
was slight ptosis and facial weakness on the right. There was also a right 
hemi-sensory^ syndrome. Lumbar puncture revealed 8 cells; the fluid was other- 
wise negative. 

Case 2. B.K. (441448-450202), a 49 y'ear old woman was admitted to the 
hospital in May^ and in December of 1939. On the first admission, she showed 
a typical syndrome of disseminated encephalomyelitis. She began to recover 
and was discharged as improved. On the second admission, she showed, in 
addition to bilateral pyramidal tract signs, diffuse wasting of the muscles, 
especially of the hands, a picture which justifies the diagnosis of the syndrome 
of amy'otrophic lateral sclerosis. 
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Syphilis. One of the cases included in the primary group gave a 
history that was definite for and_ showed pupillary signs that were 
characteristic of syphilis. Otherwise there was nothing to suggest an 
etiologic relation between lues and the typical picture of amyotrophic 
lateral sclerosis. In the following case the relationship seems to be 
present. 

Case 3. J.R. (341502), a 34 year old laborer, who contracted syphilis at 
the age of 27, developed bilateral wrist drop, which persisted unchanged 
despite adequate treatment. Examination revealed atrophy of the muscles of 
both shoulders, upper extremities and hands. There was generalized hyper- 
reflexia with bilateral Babinski signs. The pupils were irregular and unequal; 
both reacted poorly to light and in accommodation. The blood Wassermann 
was negative. 

Previous Acute Poliomyelitis. The relationship between poliomye- 
litis and amyotrophic lateral sclerosis has long been a matter of con- 
siderable interest.'* In the 68 primary cases, ive have one patient who 
gave a history of poliomyelitis at the age of 5. At the age of 33, she 
developed tj^ical amyotrophic lateral sclerosis. The following 3 
cases, not included in the larger series, shoived clinical syndromes 
resembling amyotrophic lateral sclerosis. Two of them had acute 
poliomyelitis in childhood, while the third showed, at necropsy, also 
the typical pathologic features of poliomyelitis without a previous 
history. 

Case 4. M.S., (457784), male, aged 41 had poliomyelitis at the age of 2 
and residual flaccid paralysis of the left lower extremity. He was admitted to 
the hospital because of draxving sensations in both arms and heaviness of the 
hands. Examination showed generalized hjqDerreflexia (except in the para- 
lyzed left lower extremity), absent abdominal reflexes, and a right Hoffmann 
sign. There was atrophy of the muscles of both hands and of the left leg, but 
no fibrillations. Later he developed difficulty in walking, more marked hyper- 
reflexia, a questionable right Babinski sign, increased weakness and atrophy 
of the small muscles of both hands, and occasional fibrillations. The spinal 
fluid protein was 153 mg. per 100 cc. The syndrome had lasted 8 years. 

Case 5. N.W. (459052), a 40 year old wmman gave a histor}’’ of polio- 
myelitis in early childhood, xvith residual paralysis of the right leg. She was 
psychopathic and had repeated admissions to mental hospitals. At 38, right 
facial w'eakness and “trembling” of the hands appeared, and over a period of 
2 years atrophy and fibrillations of both upper extremities and early bulbar 
involvement set in. On examination she showed motor involvement of the 
5th, 7th, 9th, 10th, 11th and 12th cranial nerves, generalized atrophy and 
fibrillations, lively left knee jerk but othenvise depressed deep reflexes, and 
absent abdominals. The spinal fluid was normal. 

Aside from the old poliomyelitis and the psychosis, the course and the 
widespread involvement suggested a virus infection. During this time there 
was one period when the clinical picture closely resembled amyotrophic lateral 
sclerosis. 

Case_ 6. H.B. (475237), a 51 year old tailor developed progressive w'eakness 
of the right hand and to a lesser extent of the left hand, follow'ed by hoarseness. 
On examination he show'ed generalized weakness, most marked in the right 
upper extremity, atrophy of both deltoid and pectoral muscles, and question- 
able atrophy of the right forearm and right thenar eminence. There W’ere 
fairly marked fibrillations in both upper extremities, especially in the deltoid 
and pectoral regions. The deep reflexes were slightly more active on the right, 
especially in the upper extremity; the abdominals w'ere slightly diminished. 
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Six months later he began to have respirator' difficulty. He now showed a 
marked increase in the weakness of the upper extremities with pronounced 
atrophy and fibrillations, also weakness of the intercostal muscles, and weak- 
ness and atrophy of the thighs. The deep reflexes, except for the triceps jerks, 
were diminished; so were the abdominals. He died within 3 weeks. Necropsy 
revealed areas of hemorrhage and perivascular infiltration in the anterior 
portion of the spinal cord, most marked in the cer\dcal region, with degener- 
ative changes in the anterior horn cells. There were also some degenerative 
changes in the pjTamidal tracts. 

Toxic. Four of the patients in the primary group with typical 
pictures gave a history of exposure to to.xic substances; namely, gas- 
oline, lead and other heavy metals. However, in none were there toxic 
manifestations. In 2 patients a clinical picture resembling amyotrophic 
lateral sclerosis followed reasonably soon after spinal anesthesia to 
suggest a causal relationship. 

C.vsE 7. C.D. (446493), a 45 year old woman developed gradually increas- 
ing stiffness of both legs 3 months after an appendectom}' performed under 
spinal anesthesia. On examination she showed weakness and spasticity of the 
right leg with hj'perrefle.xia in both lowers, absent abdominals and a right 
Babinslu and Chaddock sign. The stiffness and weakness of her legs gradually 
progressed for 2 j'ears. She then noticed weakness of her right hand, followed 
bj’ bulbar symptoms. Two months before death, she had weakness of all 4 
extremities wth atrophies and fibrillations, and marked bulbar symptoms 
with atrophy' and weakness of the tongue. The abdominals were absent, the 
deep reflexes were active in the uppers and depressed in the lowers. There 
w'as a hjTieractive jaw jerk. 

C.VSE 8. J.S. (423378), a 42 year old man received 3 spinal anesthetics for a 
multiple stage resection of a carcinoma of the rectum and sigmoid. While still 
in the hospital he began to complain of pain and weakness in the left arm and 
numbness of the left leg. Slowly, over a period of 4 years, he developed w’eak- 
ness of all 4 e.xtremities and marked bulbar sjinptoms with bilateral mTaimciai 
tract signs. During this period, he w'as admitted to the Johns Hopkins Hos- 
pital where a diagnosis of amyotrophic lateral sclerosis was made. His symp- 
toms progressed steadily and he died 4 years and 3 months after the onset of 
his neurologic symptoms. Necropsy' revealed central nervous sy'stem changes 
characteristic of amyotrophic lateral sclerosis. 

Vascular. In none of the 68 cases included in the primary' group 
was there conclusive evidence that vascular disease had direct etiologic 
relationship to the disease symdrome. The 5 cases w'hich follow show'cd, 
w'e believe, such evidence. All but one ran a longer course than the 
primary' cases of amy'otrophic lateral sclerosis. 

Case 9. R,.R. (425295), a 58 y'ear old woman began with pain in her legs 
and her hands. Later she developed weakness and progressive atrophy'. 
Examination revealed w'eakness of all 4 extremities with atrophy' and fibrill^ 
tions of the left leg and of both hands. She had a nasal, monotonous speech 
and some difficulty' in swallowing. AH the deep reflexes w'ere markedly' dimin- 
ished, but the Babinski sign was present bilaterally'. Besides generalized 
arteriosclerosis, she showed eridence of my'ocardial damage. She was observed 
for 2 years, during w'hich she had two attacks of congestive failure. 

C.VSE 10. L.W. (444014), a man aged 59, bad had repeated hospital admis- 
sions over a period of 4 years because of peripheral vascular disease and arterio- 
sclerotic heart disease. During this time he developed a combined anterior 
horn and pywaniidal tract syndrome with atrophy of both hands, diminished 
abdominals, increased low’er deep reflexes, and suggestive bilateral Babinski 
signs. 

C.V6E 11. P.F. (468180), a diabetic 58 year old w'oman began with weakness 
of her left hand, followed by' weakness and stiffness of the right hand and both 
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feet On examination, she showed atrophy of both hands, but no fibrillations. 
The abdominal reflexes were absent, the deep reflexes m the lower extremities 
■were hyperactive and there was a bilaterally positive Mendel-Bechterew sign. 

She had marked generalized arteriosclerosis. „ .a 

Case 12. J.O. (407557), a 60 year old woman, also a diabetic of long stana- 
ing, began to have pain and weakness in all 4 extremities 2| years before admis- 
sion. Examination revealed weakness, atrophy and fibrillations oi all 4 
extremities. There was generalized hyperreflexia, absent abdominals, and 

bilateral Babinski signs. , . , . 

Case 13. M.H. (401480), a 48 year old man was knorni to have hyper- 
tension for 2 years. One year before admission to the hospital he began to 
have steadily progressing weakness of the left lower extremity. On examina- 
tion be showed weakness of both lower extremities wnth some atrojmy and 
fibrillations of both thighs. There was some weakness of the left hand. The 
deep reflexes were hyperactive, the abdominals were diminished, and there was 
bilateral Babinski sign with ankle clonus. 


Comments. As stated in the introduction, we purposely excluded 
cases of progressive spinal muscular atrophy and lateral sclerosis, and 
for the following reasons. Amyotrophic lateral sclerosis is a disease of 
adult life and of middle and old age. We recorded only 1 rare instance 
below 20 and only 2 between 20 and 30. Progressive spinal atrophy 
is common in young people and lateral sclerosis, even excluding the 
familial group, also occurs at all ages. We realize, of course, that many 
cases beginning as “pure” pyramidal tract affections slowly or rapidly 
go over into multiple sclerosis, amyotrophic lateral sclerosis or other 
syndromes, but we are not here concerned with transition cases. 
Lateral sclerosis and progressive muscular atrophy are very slowly 
progressive conditions. Patients with either disease live for years and 
years, up to 20 and 30 or longer after the initial signs or symptoms 
appear. Amyotrophic lateral sclerosis is fairly rapidly progressive, 
and most patients die wdthin 2 to 3 years. There are exceptions, and 
like others we have seen patients who survived 5 or 6 years, but in the 
very vast majority of cases the statement holds that we are dealing 
with a subacute and invariably fatal syndrome. It is worthy of com- 
ment that those patients with amyotrophic lateral sclerosis survive 
longest in whom the pyramidal tract signs predominate, particularly 
if the lower extremities are first or largely affected; while those die 
soonest in whom the atrophy predominates, especially in the cervical 
and bulbar regions. It would seem, therefore, that we are dealing with 
3 different conditions of unknown etiology; that there is some selective 
affinity of the pathogenic agent for different structures in the 3 syn- 
dromes; that if the selectivity is limited either to the anterior horn cells 
and their nuclear homologues of the cerebral nerves or to the pyramidal 
pathw'ays the result is a slowly progressive one; and that if by chance 
the old and new motor systems are simultaneously affected, the pro- 
gress is rapid and the disease invariabh' fatal. 

The conviction has gradually grown on us that amyotrophic lateral 
sclerosis is not one disease e^titJ^ It is true that the majority of cases 
are so-called tjT>ical or, as we should prefer to designate them, 'primary; 
but there are many which seem to us to be symptomatic. The first 
group appears to be the result of a “degenerative” process. There is 
some ^erential evidence that deficiency plays a role in some cases of 
the primary group. The pathologic picture bears close resemblance to 
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that seen in known deficiency diseases. The selectivity of involvement 
points in that direction. The isolated instances in which vitamins 
seem to play a role is another consideration. The relentless and uni- 
formly progressive course is also suggestive. In any case the suspicion 
is very strong that the primary group represents one syndrome. On 
the other hand, there is no doubt, from oiir material and from numerous 
instances recorded by others, tliat inflammation of the nervous system 
can gi^m rise to a syndrome of anterior horn and pjTamidal tract 
disease. This is attested by clinical histories and by spinal fluid changes 
with increased cells and protein. The increase in protein alone is not 
altogether conclusive as one occasionally observes the rise in cases 
which appear to be primary. Third, there are few but definite in- 
stances of amyotrophic lateral sclerosis which are unquestionably the 
result of vascular disease. They are apt to be cases which begin with 
bulbar signs and symptoms, possibly also at first pseudobulbar, in 
whom the pyramidal tract signs though present are not very pro- 
nounced. They occur mainly in persons of advanced years. Finally, 
to these 3 syndromes one may possiblj'’ add a fourtli consisting of 2 
cases which followed spinal anesthesia. Thej' may be designated as 
toxic, and there may be other instances, but the proof of toxic factors is 
otherwise lacking. 

The statement has been made that the progress of fibrillations varies 
with the progress of the disease; that is, the more rapid and widespread 
the fibrillations the more rapidly fatal the disease.’ In our experience 
this is only partly true. We have seen instances where fibrillations 
ceased and the disease progressed rapidly nonetheless; others in wJiom 
fibrillations were comparatively rare througliout a fairly rapid course; 
still others which showed marked fibrillations with a protracted course. 
We have also observed marked atrophies with rare fibrillations and 
widespread fibrillations with moderate atrophies. One cannot there- 
fore always assert the parallelism nor prognosticate the course of the 
illness from the fibrillations alone. 

Of interest in our cases was the comparatively frequent onset with 
bulbar signs and symptoms. These, and pseudobulbar signs, generally 
come late, but the syndrome in several of our patients began with loss 
of voice, difficulty in speaking, facial paralysis, distressing sialorrhea, 
and the emotional disturbances seen in pseudobulbar palsy. All of the 
patients did badly. Not easily explained were the few cases with pain 
at the onset of the illness. ^Vhile rare instances of amyotrophic lateral 
sclerosis Avith objective sensory signs are recorded in tire literature, 
subjective sensory disturbances may be complained of. In our cases 
tlie pain generally ceased as the disease progressed. Whereas emo- 
tional disturbances were comparatively frequent, no patient in our 
series showed either minor or major psychotic disturbances. 

Finally w^e would confirm what is fairly well known, the w^ant of 
parallelism between hyperactive deep reflexes, the Babinski sign and 
absent abdominal reflexes. The first are invariably present and obvi- 
ously point to pjTamidal tract involvement; the last tAVo are not 
always found but their absence is no evidence against involvement. 
The e.xplanation for this is not clear. 
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Conclusions. 1. We have recorded the clinical manifestations of 81 
cases of amyotrophic lateral sclerosis, studied the clinical types, the 
various modes of onset, the unusual manifestations, possible precipitat- 
ing factors, clinical variants, and the course of the disease. In general 
we would suggest the division of cases into 'primary and symptomatic 
groups. 

2. It seems that amyotrophic lateral sclerosis is not one disease 
entity dependent upon one etiologic factor, but a syndrome of varying 
etiology. The largest group consists of so-called degenerative cases, 
some of which may possibly be the result of selective deficiency . Smaller 
groups may be the result of inflammatory processes or vascular changes. 
An even smaller group may possibly be toxic in nature. 

3. From our own observations and those of others, the conclusion 
is justified that amyotrophic lateral sclerosis, progressive muscular 
atrophy and uncomplicated lateral sclerosis are three different entities. 
The first is comparatively rapidly progressive and invariably fatal, the 
other two are very chronic and last years and years. 

4. While the intensity and extent of fibrillations often reflect the 
gravity of the disease there is no constant parallelism between them 
and one cannot prognosticate on the basis of fibrillations alone. 

5. In many cases pseudobulbar manifestations may signalize the 
onset of amyotrophic lateral sclerosis. 

6. Our studies confirm the want of parallelism between presence of 
active deep reflexes, absence of abdominal reflexes and a Babinski sign, 
despite involvement of the pyramidal tracts. The first always is 
present, the second two may or may not be. 
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THE ELECTROCARDIOGRAPHIC CHANGES FOLLOWING 
ARTIFICIAL HYPERPYREXIA* 

By jMajor a. Henry Clagett, Jr., M.C., A.U.S.f 

Much speculation has existed regarding the significance of electro- 
cardiographic (ECG) changes seen after artificially induced hyper- 

* Passed by Bureau of Public Relations, War Department. 

t Abrid^ent of a thesis submitted to the Faculty of the Graduate School of Medicine 
’ Pennsylvam'a, toward the requirements for the degree of Doctor of 
Medical Science (D.Sc.lMed.]) for graduate work in Internal Medicine. 
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pyrexia. It is the purpose of tliis work (1) to describe ECG changes of 
a type not mentioned in tlie literature following hyperpyrexia, and (2) 
to attempt an explanation of them. 

Vesell and Bierman/* in 1936, reported the detailed ECG changes 
in 10 patients subjected to artificial hyperpyrexia, and stated that the 
alterations of the individual waves were not uniform. They found that 
P and T waves were almost as frequently increased as decreased in 
size, and that the RT level usually was depressed, never elevated. 
They attached special significance to the development of a prominent 
Q-3 in one instance. They felt that the changes probably were due to 
“reflexes, tachj’-cardia, local cardiac and general chemical and physio- 
logic alterations.” They concluded that none of the changes were 
permanent, and that it could not be inferred that fever produced any 
harmful effect upon the heart. 

At the same time, Simpson^® stated that the post-fever ECG showed 
only minor transient alterations. Wien questioned regarding the 
relationship of these changes to the degree of alkalosis, he replied that 
some degree of alkalosis was present uniformly in patients subjected to 
high, sustained, artificial fever. 

Neymann,® in 1938, stated that the ECG showed increased rate, 
frequently with shortening of the PR interval. He added that the 
T wave usually was changed— frequently obliterated— and that the 
changes might last several days, but that fever has no permanent 
effect on the normal heart. 

In 1941, Dawber^ reported a case of “coronary thrombosis,” follow- 
ing hyperthermy, in a 21 year old patient. The first ECG was taken 
5 days after the acute attack of sharp substernal pain, accompanied by 
vomiting, and showed inverted T Avaves in leads II and IHj and 
diphasic (beginning inversion) in lead I. Right axis deviation was 
present. There Avas no elcA^ation of the S-T segments; if anything, 
there Avas a slight depression. There Avere no chest leads taken, and 
there Avas no record of the erythrocyte sedimentation rate or of the 
white cell count. The patient’s temperature Avas not mentioned. A 
second tracing taken 13 days later (again without chest leads) showed 
inversion of T-1 Avith an upright T AvaAm in leads II and III. Tracings 
taken approximately 2 and 4 AA^eeks later shoAved no significant changes. 
A final tracing, taken 4 months after the first one, Avas normal. This 
was the only tracing in Avhich a chest lead AA’^as taken. At this time 
(4 months after attack) the sedimentation rate Avas 2 mm. and the 
white cell count Avas 8600 Avith a normal differential count. 

During the same year, Ivnies® reported the ECG changes obserA'cd 
during 52 treatments of 20 patients. He found the changes to be 
insignificant Avitli none suggestive of cardiac damage. He agreed m 
general with the observations of Vesell and Bierman, and concluded 
that the changes Avere tire result of physiologic processes incidental to 
the temperature increase regardless of its mode of induction. 

In 1943, TurAulle and Fetter^ reported on the ECG changes following 
artificial fever in 13 patients. They w'ere unable to correlate the 
changes with the age of the patient, the height of the fever, or the 


cardiac rate. Tlieir observed changes apparently were similar to_ those 
previously reported, but they felt that the changes were more significant 
and should call for closer watching of the patient with termination of 
the fever at the earliest sign of cardiovascular failure.* * * § 

Procedure. All fevers were induced by means of a cabinet employing the 
principle of hot air whose relative humidity ranges from 85 to 95 %. 

Each patient received a conditioning fever during which the body temperature 
was elevated to 101° E. for 30 minutes. Such fever was administered to 
acquaint the patient with the technique of the forthcoming therapmtic fever, 
and to give him the benefit of increased blood volume, which is said to result 
from this procedure.’ In the administration of therapeutic fevers, an attempt 
was made to maintain the patient at between 105° to 107° F. for a period^ of 
5 to 10 hours. These objectives were not attained in all cases, patients being 
removed from the cabinet for various reasons. 

In an attempt to maintain normal physiologic relationships at the elevated 
temperature, all patients received fluids up to 500 cc. per hour, continuous 
oxygen, and, when necessary, 50 % dextrose. 

Electrocardiograms were taken routinely on all patients before and after 
fever therapy to determine the effect, if any, of this procedure. Tracings also 
were taken following conditioning fevers, since these offered an opportunity to 
study the effect of fevers differing in duration and intensity. 

In several instances, tracings were taken at regular intervals throughout 
the fever, but this was discontinued because it seriously interfered with the 
treatment. It is necessary to maintain a high degree of humidity in the fever 
cabinet, and this can not be done if the cabinet is frequently opened._ Further- 
more, this work already had been performed and reported by Knies,® and a 
repetition seemed unnecessary. 

The series of 86 patients, with a total of 118 sessions of fever. f Of these, 
80 were therapeutic fevers, and 38 conditioning. In the case of the thera- 
peutic fevers, the height and duration are given with the data. 

The data are found in Table 1. Briefly, it was found that of the 80 
cardiograms following therapeutic fever, 64 showed changes of an 
insignificant nature, 7 showed significant changes, and 9 showed no 
change whatever from the pre-fever tracing, t Of the tracings taken 
following conditioning fever, 21 showed no change, 16 showed insignifi- 
cant changes, and none showed changes of any significance. 

Insignificant Electrocardiographic Changes. Character. Previous 
Avorkers’’ have described in detail§ the post-fever changes in the indi- 
vidual components of the EGG. It was desired to check these findings. 
Consequently, a series of 27 cases of those showing insignificant changes 
was charted and analyzed in detail. The result of this analysis is in 
Table 2. 


* 5yhile I am in full agreement with the conclusion that patients should be removed 
fever cabinet at the earliest sign of cardiovascular failure, I fail to see any 
direct relationship between this condition and the ECG changes as described. 

■ 1 j'j case of multiple therapeutic fevers in a single patient, only the first was 
mcluded for statisUcal purposes except in a few cases where the other sessions produced 
tOCr changes of different significance, 

t Altliou^ 7 cases are listed as showing significant changes, it will be seen that 9 are 
iscussed. This^ is because one (5177) showed insignificant changes in his post-fever 
tracing, developing significant changes on the following day. The other (6673) was 
studied just prior to publication and was not listed. 

§ It is felt tlmt the work of Vesell and Bierman, in which amplitude is measured down 
to 0.1 mm. and time down to 0.01 sec., attempts to obtain an unwarranted degree of 
accuracy. ‘ ■ 
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clagett: ecg changes following HYPEKFYHKAiA ■ - 

It may be stated, in general, that about one-half of the cases showed 
increased amplitude of the P wave, with a maximum increase of 1 mm. 
There were very few cases in which the P wave was decreased in ampli- 
tude. In the majority of cases, there was some diminution of the voltage 
of the QRS complex, but this never exceeded 1 mm. in the limb leads. 
The S-T segment w'^as depressed in but 10 of the cases (Vesell and 
Bierman^^ found the R-T phase depressed in “almost every case”) 
and was elevated in none. The majority showed T waves whose 
amplitude was decreased as much as 4 mm. in tlie limb leads, but in 
several cases the amplitude was increased. 


Table 2.— -Data Regardin-g Electrocardiographic Changes in 70 Tracings 
Taken Doring 43 Fever Sessions 

Number of patients, 27; number of fever sessions, 43; number of electrocardiograms, 70 


P wave* 

No change 
... 18 

Increase 

20 

Maximum 

increase 

(mm.) 

1 

4 

JIaximum 

decrease 

(ram.) 

1 

R wave 

. . . 11 

9 

5t 

26 

St 

S-T segment 

... 33 

0 

0 

10 

1 

T wave . 

... 13 

4 

U 

26 

4 

Bazett’s “K” 

. . . 1 

33 

0.096§ 

9 

0.065§ 


* One case questionable, as P wave was superimposed on T wave of preceding complex. 

t In lead IV-F, the maximum increase was 20 mm. and the maximum decrease was 

9 mm. 

t Maximum increase of 5 mm. in lead rt''-F. 

§ Average increase 0.037; average decrease 0.021. 

The one measurement apparently disregarded bj'’ previous workers 
was the Q-T interval. This is the measurement of the electrical 
systole and is correlated with the square root of the cycle length. The 
value obtained by means of this correlation is known as Bazett’s 
“K.”* This value was unchanged in 1 case, was decreased in 9, but 
was increased in 33. Furthermore, it is seen that the average increase 
w^as 0.037 while the average decrease was but 0.021. This points 
toward this figure as being one of the most constant changes yet 
described in the ECG following artificial fever. jMoreover, this change 
cannot be ascribed to the rate, as this factor already has been accounted 
for in the formula. 

It must be reemphasized that none of the changes described are 
specific follow'ing fever therapy; that none are constant in the degree 
or direction of the change; and that, generally speaking, they are of no 
significance. 

Classification. Broadly speaking, the ECG changes following fever 
therapy fall into 3 groups showing: (1) No change; (2) no significant 
change; and (3) significant change. In the section dealing with the 
insignificant changes, it was shown that these changes were not con- 
stant in direction and amplitude. For statistical purposes, it is neces- 
sary to de\dse a more simple classification of these changes rather than 
to list separately the effects upon each complex. 

Systole 

* Bazett’s “K” = — — 


l/Length of cycle 
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The following gradation was found to be satisfactory; N — no 
change; 1— slight lowering of voltage of T waves in leads I, II, or IV; 
2 — moderate lowering of voltage of T waves in leads I, II, or IV; 3 
marked lowering of voltage of T waves in leads I, II, or IV; 4—1, 2, or 
3, with depression of the ST segment; S— significant change. 

In this scheme, any inversion of the T wave, except in lead III 
alone, was considered to be abnormal and was not classed in the 
insignificant changes. 

It should be remembered that grades 1 to 4 consist of insignificant 
changes and that the grouping is merely a means of convenience 
rather tlian an attempt to reach unwarranted conclusions. 

Jaundice. ECG changes in gall bladder disease have been described .■* 
It is possible that these changes are due to an abnormal amount of bile 
salts in the blood stream. Knowing that jaundice can be a complica- 
tion of hyperthermia, it was desired to determine if this was a factor in 
the production of the ECG changes following fever. 

Those patients showing hepatic involvement were divided into two 
general classes: (1) jaundice; and (2) subclinical jaundice, which 
consisted of those with increased serum bilirubin in amount insufficient 
to cause clinical jaundice. 

The data in Table 1 show that of the 5 patients with jaundice, none 
showed greater than grade 2 insignificant changes in the cardiogram. 
It is of interest that Patient 5055 had severe hepatic damage, yet his 
cardiogram showed only grade 1 insignificant changes. 

Of the 8 patients with subclinical jaundice, 2 showed no change, 1 
showed grade 4 changes, the remainder varying between grades l.and 2. 
None showed changes of any significance. 

These data show that liver damage, as indicated by increased serum 
bilirubin, was not a factor in the production of the ECG changes fol- 
lowing fever therapy in this series of cases. 

Alkali Reserve. Simpson'® stated that some degree of alkalosis was 
present uniformly in patients subjected to high, sustained, artificial 
fever. Barker' inferred that this might be a factor in tlie production 
of ECG changes. 

In 11 cases, the carbon dioxide combining-power was determined as a 
routine measure before and after fever therapy (Table 1). In every 
case this value was lowered. Of these, 2 cases showed no changes in 
the cardiogram, and 1 showed significant changes. Of the remaining 
8, 4 showed grade 1, 3 grade 2, and 1 grade 3 changes. 

In 10 cases, a post-fever carbon dioxide combining-power was 
determined because it was felt that tliere might be some derangement 
of the alkali reserve. In each instance, the result either was normal or 
indicated a diminution of tlie alkali reserve, the values ranging from 
52 to 38 volumes %. The cardiographic changes ranged from none 
to grade 2. 

While these data do not indicate tlie presence of acidosis, they do 
show that alkalosis was not a causative factor of tlie cardiographic 
changes in this series of cases. 
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The Effect of Rate and Fever. Statistical Study* Rate. With little 
or no change in rate, the possibility of there being no ECG change is 
great. With changes between 10 and 20 beats per minute, the pos- 
sibility is more than 2 to 1 of there being changes, and when the increase 
is more than 20 beats per minute, the odds are overwhelming in favor 
of there being changes. 

Fever. In the case of conditioning fevers, one may or may not find 
changes; the possibility of there being no change being slightly greater. 
In all of the therapeutic fevers, however, changes are almost always 
present. 

These findings support the previously expressed opinion that in- 
creased cardiac rate is a major, but not the sole, factor in the production 
of the ECG changes following fever. 

Significant ECG Changes. The following cases were admitted to the 
hospital for the purpose of receiving hj'perpjTexia. All had drug- 
resistant gonorrheal urethritis except Case 5318, who had gonorrheal 
arthritis. Each had a cardiac examination, including ECG, prior to 
fever. None showed any abnormality. 

Case 5177 (Fig. 1). This 28 year old patient gave a history of rheumatic 
fever. On April 27, he received 8 hours of therapeutic fever at 106.8° F. Al- 
though fatigued, his general condition was said to be good. His blood pressure 
was 106/70, and his post-fever ECG showed only insignificant changes. Several 
hours later his blood pressure fell to 86/60. At about 2 A.si. on April 28, W- 
lovung 250 cc. of a plasma infusion, he developed fever and chill. The chill 
lasted about 15 minutes, and the blood pressure was 102/80. At 7 a.m., the 
blood pressure was 80/60, and at 11 a.m., the patient complained of severe 
substernal burning and pressure. At 2 p.m., the blood pressure was 98/70, 
the heart sounds were distant, and the ECG showed marked elevation of 
ST-4.t On April 29, his blood pressure was 100/70, and he was comfortable 
while receiving accepted treatment for myocardial infarction. His white cell 
count was 11,250 with 92% potys and his sedimentation rate was 19 uun. In 
the morning of the same day his ECG shoAved a marked return to nonml, but 
by evening, the S~T segment was abnormal! eleA'^ated in lead CR-6. For the 
next few days, his clinical condition was essentially unchanged; the blood 
pressure ranging betAveen 100/80 and 120/60. Examination of the 
fundi revealed no evidence of old or recent hemorrhage. On May 9, the 
patient complained of precordial pain, a diastolic murmur was beard over the 
aortic area, a third sound was heard over the apex, and a Roentgen ra}'' revealed 
enlargement of the left ventricle. The ECG, Avbich in the meantime had slmAAm 
inverted T waves in the limb leads and gradual regression of the inverted T m 
CR-6, showed marked inversion of the T Avave in IV-F, CR-4, and CR-6. His 
white cell count was 7400 with a normal differential, but his sedimentation 
rate remained elevated at 17 mm. On May 22 a Roentgen ray shoAved decrease 
in the size of the left ventricle, and there AA’ere no murmurs present. Because 
of this, and the fact that no murmurs haA^e been heard since, it is felt that rae 
findings of May 9 were due to dilatation of the left ventricle. From 
date on, improvement aa'hs gradual but progressive. By early July, his ECG 
and sedimentation rate had returned to normal. 

It is obvious that this patient suffered severe myocardial damage, 
the cause of which is questionable. 

* These results are based oa the data of the entire series of cases. "Significant" 
changes are included for completeness only, it being realized that this group is entirely 
too small for the purpose of statistical comparison, 

t Throughout this paper, "ST-i” and "T-^” refer to complexes in lead FY-F. 
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It is well known that hyperpyrexia is capable of causing multiple 
small hemorrhages in various organs.®’® With the marked elevation 
of ST-4, seen in the ECG of April 28, it was felt that the underlying 
pathology might be a small subepicardial hemorrhage. While this 
cannot be ruled out, the course of subsequent events makes it im- 
probable. 



Fig. 1. — Electrocardiograms of Case 5177, showing acute change on April 28 with 
progression up to May 1; some return toward normal by May 5; and acute recurrence 
of changes on May 9. 


Despite the fact that the T waves in the limb leads and the ST-4 
suggest epicardial, rather than myocardial, involvement, study of the 
entire series of tracings is more indicative of coronary thrombosis, 
because of the sudden change seen in tlie tracing of j\Iay 9. Had the 
original condition been due to hemorrhage, one would expect the ECG 
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gradually to return to normal. In coronary thrombosis^ however, if is 
not infrequent to have an extension of the thrombus, causing changes 
similar to these. Furthermore, it would be unusual to find the hemor- 
rhage following fe^^er involving a single organ. In this case there was 
no evidence of hemorrhage at an^’- place in the body. Also, blood taken 
from the patient’s arm on April 28 coagulated immediately. 

Case 5956. This 22 year old patient received 8 hours of therapeutic fever 
at 106.8° F. during the night of May 29-30, and apparently reacted in a 
normal manner. Following fever he had no complaints except headache and 
mild lumbar pain. The routine post-fever ECG showed low voltage T waves 
in the limb leads and an inverted T-4. His blood pressure stayed in the vicinity 
of 100/65, and the sedimentation rate was 2 mm. The white cell count was 
6400 with a normal differential. On May 31, the tracing showed limb leads 
which were less abnormal and T-4 which was less inverted than previously. 
The CR leads v'ere normal but ST-4 was elevated. The blood pressure 
averaged 95/60. On June 1, T-4 was entirely upright, but showed slight 
notching of its descending limb. 

Subsequent course showed gradual return of the blood pressure and ECG 
to normal. The patient's temperature and white cell count were normal 
throughout the entire illness. The sedimentation rate was 2 mm. on June 14, 
but rose to 15 mm. on June 21. The patient was asymptomatic except for 
headache, and was about to be discharged from the hospital when, on July 8, 
39 days after fever therapy, he developed, for the first time, precordial pain. 
This was accompanied by an elevation of ST-4 with inversion of T-4, a white 
cell count of 5300, and a sedimentation rate of 16 mm. The pain was relieved 
by oxygen. On July 9, the BCG was normal except for notching of T-4. His 
course from there on shoired gradual improvement. 

Because of this change that occurred on July 8, it is felt that this also 
is a case of myocardial infarction, probably on the basis of thrombosis 
of a small branch of a coronary artery. 

Case 5883. This 23 year old patient had rheumatic fever at age 15 with 
frequent recurrences since. He had no symptoms at any time referable to ^ 
cardiovascular system, and his pre-fever examination was normal. An ECG 
was normal, although the R wave in lead IV-F was only 2 mm. He received 
10 hours of therapeutic fever at 106.8° F. on May 19. Following this, he was 
moderately fatigued, and his blood pressure was 100/60-0. The heart sounds 
were distant but there was no evidence of pericardial effusion. _ Twenty-five 
minutes after removal from cabinet, he complained of sharp pain in the, left 
lower chest. This pain was relieved eructation of a large amount of gas. 
His ECG showed lower voltage and diphasic T-4. About 3 hours later, Ins 
blood pressure was 100/40, he again complained of chest pain, and he vomited 
300 cc. of light bro%vn fluid. At midnight, the patient was complaining ot 
dj^spnea. Throughout the night his blood pressure ranged between 80/50 and 
95/55. On May 20, his ECG showed definite cove-shaped inversion of the 
T waves in leads IV-F, CR-2 and CR-4. The patient was comfortable except 
for a dull, squeezing, precordial pain which did not radiate. The blood pressure 
was 96/60, the white cell count was 8850 with normal differential, and the 
sedimentation rate was 3 mm. His condition remained unchanged throughout 
the day, and his pain was relieved by oxygen and morphine. On the morning 
of May 21, he complained of several attacks during the night when his oxygen 
mask had slipped off, but his general condition remained the same. On May 
22, he still complained of dyspnea and. precordial pain, but the heart sounds 
were of better quality, and the blood pressure was 100/60. His ECG showed 
return toward normal. The T waves, which had been inverted, were now 
diphasic. His condition showed gradual but definite improvement. Subse- 
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quent white cell count and sedimentation rate were normal, and the ECG 
approximated the pre-fever normal on July 6. 

On July 15, 56 days following fever therapy, while gradually increasing 
his physical activity prior to discharge from the hospital, he again developed 
precordial pain. His ECG on the followung day showed slight elevation of 
ST-4, with inverted T-4. The T w^ave in lead CR-2 also was inverted. The 
patient was afebrile and his white cell count and erythrocyte sedimentation 
rate were normal. His symptoms subsided while he was kept at absolute bed 
rest. On July 19 , the ECG again had returned to its pre-fever normal. 

From this point on, improvement was gradual but definite. 

The sudden change on July 18, as in Case 5956, leads to the conclu- 
sion that the entire syndrome was due to occlusion of a small coronary 
artery. 

Case 5318. This 31 year old patient was given 6 hours of therapeutic 
fever at 106.8° F. on April 5. This treatment was discontinued because the 
blood pressure fell, and stayed at 90/60 and below. The posWever tracing 
showed inversion of the T wave in lead IV-F with a QRS complex of entirely 
different configuration. A tracing taken several days later was similar to that 
taken prior to the fever. 

On April 30, he received a 5-hour fever to which he responded well. There 
were no obvious complications, and no ECG was taken. 

On May 26, he received 3 hours at 106.5° F. This treatment was discon- 
tinued because of cardiovascular depression with blood pressure readings of 
86/60 and 90/60. He was given plasma which caused a reaction. An ECG 
again showed inverted T wave in lead IV-F. 

Despite the fact that the QRS complexes in lead IV-F differed in contour 
from time to time in the different tracings, it can be stated positively that the 
electrode was placed near enough to the same position to make them com- 
parable. 

Throughout the entire course of hospitalization, the patient never com- 
plained of precordial pain. He had a total of 13 white cell counts, all of which 
were normal. His sedimentation rate was 26 mm. on May 24, and 24 mm. 
on June 11. 

Case 6046 (Fig. 2). This 32 year old patient received an 8-hour thera- 
peutic fever at 106.8° F. on May 29. At one time during the fever, his remarks 
were irrational, and at the end of the fever he was fatigued, but his general 
condition was said to be good. Following fever, he had no complaints, and 
his blood pressure stayed at about 120/80; but his ECG showed flattening of 
all T waves, depression of ST-2, and inversion of T-4. On Maj"^ 31, his tracing 
had returned to normal. 

His white cell count v'as nonnal on several occasions, and his sedimentation 
rate on June 1 was 2 mm. 

Case 5461. This 25 year old patient had no abnormal ph 3 'sical signs except 
for a soft, grade 1, systolic murmur at the apex; in all probability a functional 
murmur. Therapeutic fever was attempted on May 13, but discontinued 
after 1 hour at 106.8° F. because the patient became hj^sterical and attempted 
to break out of the cabinet. His blood pressure remained perfectty normal, 
and he had no sj'mptoms referable to the cardiovascular system. His post- 
fever ECG showed inversion of T-1, diphasic T-4, and low voltage T wnves 
with depressed ST segments in leads II and III. A tracing taken on Maj-^ 17 
showed return to normal except for slight elevation of ST-4 and absent S-4. 
On June 7, a tracing was entirety nonnal. 

Case 6673. This 24 year old patient received an 8-hour therapeutic fever 
at 106.2° F. on June 26. There were no complications, and his condition 
following fever was considered to be excellent. There were no cardiac symp- 
tom.s at anj'^ time, and his blood pressure remained in the xicinity of 110/80 
during and following the fever. His post-fever ECG showed inverted T waves 
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with depressed ST segments in leads II and III-, with a small diphasic T-1, 
and notched T-4. A tracing taken June 30 showed complete return to normal. 

Several weeks later, following superrused exercise, his ECG showed tachy- 
cardia with depression of ST in leads II and III and lowering of voltage, but 
no inversion, of the T waves. 

Case 5880. This 22 year old patient received 6 hours of therapeutic fever 
at 106.8° F, on May 20. His post-fever ECG showed inverted T waves in 
leads II and III. The patient had no complaints, and his blood pressure 
remained at about 110/80. On two occasions followed fever, his white cell 
count and differential were normal. His ECG was normal on May 22. 





Fig. 2. — Electrocaidiograms.of Case 6046 showing typical “significant’ 
post-fever changes. 


Several weeks following fever, the patient was given supervised exercise, 
tracings being taken after light and moderate exertion. Tachycardia was the 
only change in the ECG. 

Case 5881 (Fig. 3). This 22 year old patient was given fever therapy on 
May 21. During induction of fever, he complained of weakness. Because of 
cyanosis and a blood pressure of 95/50, treatment was terminated after 1 hour 
and 20 minutes. At that time he complained of a severe pain in the right 
renal region, and an ECG showed the T weaves to be small and inverted in 
leads II and III, while in the same leads the P waves were large and pointed. 
A tracing taken 1 hour later showed T-2 to be small but upright; the P waves 
remaining unchanged. Lead CR-2 (not shown) showed an unusually ta,ll 
T wave. The patient's blood pressure rose to 110/75, and stayed at about this 
level. A tracing taken the following day was normal except for the large 
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T wave in CR-2. Tracings Avere retaken several times, and this finding remained 
constant. Therefore, it was felt to be normal for the individual. On two 
occasions following fever, his white cell count and differential were normal. 



Fig. 3.— Electrocardioerams of Case 5881, showing definite change between the 
tracing taken immediately following fever and one taken 1 hour later. The CR leads 
were omitted from the illustration as they showed no change. A, Relationship of 
increase of rate to ECG changes. B, Relationship of fever to ECG changes. C, Cor- 
relation of amount of fever with the degree of change in rate. 


Discussion. Cases 5177, 5956, and 6883 obviously had myocardial 
damage, probably on the basis of small coronary artery occlusions. 
IVhile the possibility of myocardial infarction Avithout coronary occlu- 
sion AA^as considered, it Avas felt that such Avould not account for the 
relapse AAdiich occurred in 2 of the cases. 

While Cases 5956 and 5883, prior to their relapse, show^ series of 
tracings comparable to those presented by some authors' as being due 
to tachycardia rather than myocardial damage, it is felt that the burden 
of proof rests A\dth the person Avho claims that changes of this magnitude 
and duration are not due to myocardial damage. 

Although 2 of the aboAm cases (5177 and 5883) had definite rheumatic 
histories, their pre-fever examinations and cardiograms were normal. 
There is no eAudence to sIioaa* that the subsequent course AA'as related 
to the rheumatic fever. 

In the remaining cases, ECG changes ere transient, there A\'ere no 
objective signs or subjective sjTnptoms referable to the heart, and the 
laboratory AA'ork was entirely normal. Because of this, it is highly 
probable that tlie ECG changes were not on the basis of myocardial 
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damage, but rather were due to a temporary myocardial anoxia, pos- 
sibly of a relative nature due to the tachycardia. Most cardiologists 
have seen inverted T waves following paroxysms of tachycardia. 
These inverted T waves, however, rapidly return to their normal 
upright position. It is probable that the cases in this group showing 
temporary changes fall into this category. 

Cases 5880 and 6673 had tracings taken following exercise. Case 
5880 showed no change but tachycardia, while Case 6673 showed 
depression of the S-T segments. The fact that the post-fever ECG 
changes were not reproduced in these patients, following exercise, 
does not rule out increased rate as a factor. The added factor of dura- 
tion of the tachjmardia undoubtedly plays a role. Were it possible to 
exercise a patient for the same length of time as that spent in the fever 
cabinet, changes similar to those found in post-fever tracings might be 
obtained. 

Summary. 1. In a series of 118 electrocardiograms (ECG) taken im- 
mediately after fever therapy, the changes from the pre-fever tracings 
are tabulated. Of 80 tracings taken following therapeutic fever, 64 
showed insignificant changes, 7 showed significant changes, and 9 
showed no change n^hatever from the pre-fever tracing. 

2. The results published by previous workers who claimed tliat 
the S-T segment was almost alwaj's depressed following fever are not 
confirmed. It was found that there was a slight increase or decrease 
in the amplitude of the P waves and the QRS complexes and that the 
S-T segment was depressed in a few cases. The most constant change 
observed was an increase in the value of Baxett’s "K,” an index of the 
duration of electrical systole. 

3. The effects of jaundice, acid-base balance, and cardiac rate on the 
post-fever ECG are discussed. 

4. Three cases with myocardial damage following fever therapj^ are 
presented. 

5. Of these 3 cases, 2 apparently were almost completely recovered 
when each suffered a relapse, 39 and 56 days, respectively, following 
fever. 

6. Six cases that showed transient and significant ECG changes, 
following fever, are presented. The possible causes of these changes 
are discussed. 

Conclusions. NVhile the majority of ECG changes following fever 
therapy are insignificant and probably due to the effect of tachycardia, 
it is possible to have changes due to severe myocardial damage, such 
as that caused by occlusion of a small coronary artery. 

In those cases with myocardial damage due to fever, one should not 
give a good prognosis merely because the patient is young and the 
causative agent (fever) has been removed. The treatment of these 
cases should be the same as that given myocardial infaretion due to 
any other cause. 
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CONCENTRATED RED CEIJ. TRANSFUSIONS 
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(From the Department of Medicine, Medical Coll, of Virginia) 

In recent years, with the establishment of many large blood banks, 
great quantities of plasma have been made and used, and as a by- 
product the settled erythrocytes were being discarded as a waste 
material. Generally, in the past, it has been little recognized that these 
concentrated red cells can be of definite therapeutic value, and in 
certain instances may even possess an advantage over the use of whole 
blood transfusions. More recently, however, interest in concentrated 
red cell preparations has become evident. 

As early as 1918 Robertson^® described a technique for the admin- 
istration of red cells to humans, and in 1937 Castellanos and Riera^ 
reported the successful use of red cells. In England there have been 
reports of the use of erythrocyte transfusions by McQuaide and Mol- 
lison (1940),® Williams and Davie (1941),*® Vaughn (1941),** Whitby 
(1941),*® and Watson (1943). *’* In 1942 Bagdasarov® mentioned their 
use in Russia. More recentljq in this country, Alt,* Evans,® and Mur- 
ray et aZ.® have reported on successful series of transfusions of con- 
centrated red cells. 

The object of this report is to call attention to the use of concen- 
trated red cell transfusions; to demonstrate that they are as efficacious 
as whole blood in raising the hemoglobin level; that no deleterious 
effects result from tlieir administration; and in certain instances that 
they possess an advantage over whole blood. 

Procedure. The concentrated red cell preparations were obtained from 
regular hospital donors. The Fenwal apparatus, a semi-closed system, was 
used to collect 500 cc. of blood in 50 cc. of 5% sodium citrate solution. The 
blood was typed by the open slide microscopic method and then stored at 
4° to 6° C. 

The red cells were usually prepared for use as the occasion arose for them, 
for it is our impression that the life of the cells is decreased when they remain 
in the concentrated state too long. Whenever obtainable, the blood of the 
patient’s omti group was used; othemdse group 0 blood was used. The bipod 
selected was from 2 to 7 days old, in accordance with the findings and recom- 
mendations of Wiener and Schaefer*^ and Belk and Barnes.® Before prepara- 
tion the donor’s blood was cross-matched with that of the recipient by the 
test tube method of Landsteiner.*® If blood of more than one donor was to be 
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used in a transfusion, each donor blood was cross-matched with the recipient 
and also with the other donor bloods. Under sterile precautions the plasma 
was aspirated off into a pooling flask; the pipette was then inserted to the 
bottom of the bottle and the red cells aspirated into a different bottle, leaving 
the buffy coat or gel, which is composed of leukocytes, platelets and fibrin. 
All those cells to be used in the same transfusion were aspirated into the same 
bottle. The cells obtained from one donor blood in this way were called one 
donor until of concentrated red cells, and hereafter shall be referred to as a 
donor unit of CRC. Following preparation, the CRC (concentrated red cells) 
were either used immediately or returned to the refrigerator until used. The 
CRC were never kept longer than 2 days after preparation. 

The CRC were administered in regular Upjohn recipient sets which were 
equipped with metal screen filters. We did not find it necessary to dilute the 
CRC prepared in this manner in order to maintain the flow. We varied our 
regular transfusion procedure only' by elevating the reservoir of blood approx- 
imately 3 feet higher than the usual level of 3 feet above the antecubital fossa 
to obtain a greater head of pressure. There was no difficulty in maintaining 
adequate flow by this method; 30 minutes was the average time required to 
administer each donor unit of CRC. 


Composition of CRC. Listed below is a fairly typical example of the 
composition of one donor unit of CRC: 

Volume 225 cc. 

Hemoglobin* 21 . 9 gm./lOO cc. 

Hematocritt 71.3% 

* All hemoglobin determinations were performed by the Sahli method, 
t All hematocrits were done in Wintrobc tubes. 


We have divided our patients into several groups, according to the 
type of study that was carried out and tlie amount of cells given. 

Group I: In this group only one unit of CRC was given at a time; 
blood pressure and temperature recordings were taken before the 
transfusion, the blood pressure after, and the temperature at 1, 2 and 
4 hours after its completion. The patient’s hemoglobin, hematoenb 
non-protein nitrogen, and icterus index were determined before and 
1 day after the transfusion; urinalyses wmre also done on the same days. 
On the 3rd and 7th days after the transfusion the patient’s hemoglobin 
and hematocrit were again determined. 

Group II : This consisted of adult patients who received more than 
one donor unit of CRC at a time, the children wdio received CRC in 
excess of one-half the amount calculated by allowing 10 cc. pei 
pound of body weight, the amount recommended bj'" Holt and McIn- 
tosh® as being the maximum allowable without danger of overloading 
the circulation. The same procedure of study was used for this group 
as in Group I, except that after the 3rd day following the transfusion 
the hemoglobin and hematocrit w'ere irregularly followed. 

Group III: These are patients who received varying quantities of 
CRC at varying intervals and who were not followed as completely 
as the previous groups. 

Resiffts. Group I. Twenty-five transfusions of one donor unit of 
CRC each w^ere administered to 19 patients. The average rise in 
hemoglobin the first day following transfusion was 1.22 gm., the 3rd 
day, 1.18 gm., and the 7th day, 0.86 gm. The hematocrit rise on the 
same days were, respectively, 3.8%, 3.4% and 2.4%. In a few indi- 
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vidual cases the non-protein nitrogen rose slightly, but in the whole 
group averaged a slight decrease. The icterus index rose in a few 
cases, but generally the increase was slight and insignificant (Table 1). 
In all patients the urine showed no significant change. 

Grou'p II. Twenty transfusions were given to 14 patients. The 
average increase in hemoglobin on the 1st and 3rd days following the 
transfusion were respectively, 2.22 gm. per transfusion or 1.05 gm. 
per donor unit, and 2.04 gm. per transfusion or 0.93 gm. per donor 
unit. On the same days the average hematocrit rise was 5.5% per 
transfusion or 2.6% per donor unit, and 5.1 % per transfusion or 2.3% 
per donor unit. The changes in the non-protein nitrogen and the icterus 
index were approximately the same as in Group I, except for one case in 
which the icterus index rose considerably following a transfusion 
reaction (Table 2). 

Group III. Seventy-nine transfusions were given to 17 patients 
(2 of these patients were also in Group II). Among these the results 
compared favorably with those of Groups I and II. It was impossible 
to follow many of the patients accurately, since CRC and whole blood 
were irregularly and intermittently given; also some of the patients 
receiving the transfusions showed signs of active blood destruction or 
blood loss. However, from intermittent blood studies as well as clinical 
observation, it was our impression that transfusions of CRC were as 
beneficial as whole blood. In Table 3 are listed a number of patients 
who were anemic, were not bleeding, and who demonstrated no signs 
of active blood destruction at the time of receiving the CRC trans- 
fusions. In these patients the average rise of hemoglobin per donor 
unit of CRC given was 1.5 gm./lOO cc., an increase slightly higher 
than those of Groups I and II ; this would be expected by the tj^pe of 
anemia of the selected patients listed in this table. 

Following are the case records of a few typical patients elected to 
receive CRC: 

Case 1. A 40 year old white male was admitted 8/26/43 to the Medical 
College of Virginia Hospital mth a chief complaint of vomiting and spittin g 
blood, of 2 days’ duration. The laboratory studies showed the hemoglobin 
was 13.6 gm.; the R.B.C. were 4,810,000; W.B.C. were 7650. A Roentgen ray 
of the throat revealed a soft tissue mass in the region of the larynx. A laryngos- 
copy was performed and a biopsy of the mass showed a Grade I carcinoma of 
the larynx. On 9/6/43 the patient received the first of a series of Roentgen ray 
treatments, and that night he began to hemorrhage from his throat. This 
continued intermittently for 6 days, and during that time he received multiple 
whole blood transfusions to maintain his hemoglobin level. On 9/12/43 the 
bleeding ceased. At this time the hemoglobin was 3.7 gm. and transfusions of 
CRC were started. In 7 days seven donor units of CRC were given and the 
hemoglobin rose to 14.9 gm. The Roentgen ray treatment was resumed on 
9/10/43 and a total of 2500 R units were given. On 9/21/43 the patient was 
discharged for ambulator^’^ treatment. 

This represents a case of post-liemorrhagic anemia treated with CRC. 
The patient received an equivalent of 7 whole blood transfusions in 4 
transfusion procedures, in 7 days as CRC. The CRC transfusions were 
not used to maintain the blood volume or combat shock; whole blood 


I . 




» VAWAAA^ lAiAVA piuLciiis wci't; Jiurniai, 



98 BINDER, KLEIN: CONCENTRATED RED CELL TRANSFUSIONS 


o O 


U 

P 

o 

c; 

O 

b, 

O 

g 

z 

m 

S 

(2 






5^ 


Cw 

aE 




' JS o 

c 

o 

© 

o 

© 

© 

o 

o 




s 



c 

c: 

c 

c 

c 



1 I 

o 

o 

o 

o 

o 

o 

o 

o 

o 


crj 


Iz; 

'z 

z 



iz: 

z 

Iz; 

:z; 


o 

o 

cr> 

to ' 

t>. 

uo 

to 

to 

o 

o 










Cl 



lO 




to 

lo 


to 

CO 

CO 

C5 

c- 



o 



o 

C3 

CO 



Cl 

Cl 

CO 

CO 

CO 

Cl 

Cl 

Cl 

Cl 










^5 




Cl 

CO 

•M 

LO 

00 

o 

b. 

CO 

Cl 

*7* 

Cl 

o 

Cl 

CO 

Cl 

Cl 

CO 

Cl 












1.0 o 

I 

5 

-f O 

o o 


-*4 o 

CO 

o o 

Cl o 

o o 

”o 

O C) 

o o 

^ Cl 

l-H »-0 

» 

^ Cl 

d -• 

O CO 

d 

Cl o 

o 






1 1 


1 



uo o 

CO ^ 

CO o 

o o 


o 

Cl uc 

t o 

o o 

^ o 

CO lO 

Cl 

d 

d 

« o 

* 

CO ^ 

»o 

CO CO 

^ d 

CO Ci 

Cl 



Cl 



CO 

Cl 

CO 

w-r 

CO 


OJ o 

Cl 

iO 

o O 

CJ o 

CO o 

CO o 

K o 

Cl LO 

to o 

M O 

2 2 

00 o 


-f to 

o o 
ro 

o o 

CO 

O lO 
Cl 

CO LO* 
CO 

d 

I-* rs^ 

CO d 

CO 

CO d 

CO 

CO o 

O lO 

Cl o 

LO o 

Cl »o 

-7* O 

to o 

CO t o 

o o 

t- lO 

LO O 

Cl '•i* 


I-. c: 

CO ^ 

I'- »-* 

CO b- 

o o 

O c: 


CO 

CO Cl 

CO 


CO 

Cl 

r-* "T* 

CO 

CO 

Cl 

1-* CO 



o o 

o 

CS O 

o o 

o o 

o o 

to o 

CO o 

CO o 

o 

to LO 

^ o 

d 

lO t>- 

Cl 

O CO 

!>. Cl 

to ?o 

o 

d ^ 

o o 

b. Cl 

CO 

»-» --4 

CO 

Cl 


Cl 

CO 

Cl 

CO 



ro 

o 



to 

•*< 

•Pj4 


LO 

LO 

o 

o 

o 

o 

o 

i-O 

o 

t.0 

o 

o 

o 

o 



o 

-*< 


— • 

«o 

CO 

o 


CO 

1-. 

o 


CO 



1^ 


b- 

b- 



o 

c 

o 

iz; 


•f 

Cl 


t-^ f* 


S o 2 

^ * r- - 


P« 


t- ^ 


S' 

*5 

•a p 

c: 

^ a 

^ s 

^ t£ 
c 


o. 

2 

05 

y fS 

p5 

oo 

o5 

'p*J 

PD 

pfS 


c. 

5 

CO 


C3 

o 

t£) 


O O 

S 

o 

P=<£ 

CO 

o 


CJ 


^ e 

I 

pg 


a o 
S 


P=-:s 

K 

C 


"5.0 5 0.3 7.7 S.2 7 s 

30.0 31.0 36.5 3-1.5 


BINDER, KLEIN; CONCENTRATED RED CEDE TRANSFUSIONS 99 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

0) 

o 

c 

c 

G 

G 

G 

G 

G 

G 

G 

c 

G 

G 

o 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

'A 



:zi 

I? 

iz; 


Iz; 



;z; 




*0 

CO 


lO 

C5 

o 

o 

CO 

o 


o 

rH 

rH 



tH 


to 

t-* 


to 




CO 


VO 

VO 

VO 


VO 

o 

00 

o 


o 


tH 



y-i 





VO 


01 


tH 

o 

CO 

(N 

Cl 

05 

VO 



Oi 

• 


CO 

VO 

CO 

CO 


Cl 

Cl 

Cl 

l> 

(N 

• 

Cl 


o 

Cl 

CO 

o 

CO 

<M 

b-. 

o' 

CO 


• CO 

Cl 

VO 

Cl 

CO 

CO 


Cl 

Cl 


CO 

• Cl 


CO o 

00 

VC 

r}i 


CO VO 

O VC 

CO o 

00 VC 

CD o 

• 

VC VC 

o *-< 

I 


d 

rH 


O CO 

Cl 00 

O CO 

o d 

d f-i 


d Cl 

1 

O VO 

Cl o 

O VC 

CO o 


r-f O 

VC 

o 

tD VO 

O vC 


VC VC 

CO 

00 o 
CO 

O 05 
rH CO 

ci d 

rs ^ 

* 

d ^ 

Cl 

b^ 00 
Cl 

CO 

b. o 
Cl 

00 Ci 

Cl 


© 

y-* CO 

Cl o 

CO o 

00 VO 

VO O 

O VC 

VC O 

CO o 

CO U5 

CO VC 

VC VC 

o 

o 

CO CO 
CO 

00 VC 
CO 

O 05 
CO 

ci 

rH ^ 

CO VC 

rH rfi 

O 1C 
Cl 

1'. b- 
Cl 

00 w 

CO 

1- CO 
C4 

00 ^ 

CO 

CO CO 
CO 

• 

o o 

o o 

r}< O 

b- VC 

05 O 

O VC 

O IC 

VC ’O 

oo o 

VC O 

o o 

CO o 

00 CO 
CO 

CO 

O CO 
t-H CO 

d b^ 

CO 

O b^ 
Cl 

b^ CO 
Cl 

CO VC 
CO 

o 

CO 

00 Cl 

CO 

C5 CO 
CO 

1 -t o 

r-4 

VC 

o 

VC O 

05 VC 

VC iC 

CO IC 

-4* O 

00 o 

00 o 

VC 

CO O 

o o 

N Cl 
CO 

CO M 

CO 

05 VC 
CO 

O CO 

»-H Tfi 

Cl 

tH 

VC O 

Cl 

VC O 
Cl 

b- 

CO 

o o 

Cl 

K CO 

Cl 

CO 

o 

i-H CO 


<D 

VC 

CO 

CO 


CO 


Cl 

Cl 

Cl 



o 

o 

o 

o 

»c 

VC 

o 

o 

o 

o 

o 

o 

00 

VC 

rH 

Cl 

CO 


C5 

IC 

o 

d 

VC 

b» 

b» 

b» 

b* 

b» 

l>. 

o 

© 

b» 


00 

VC 


<0 

G 

O 

;z: 


CO 




CO 


rj< 

CO 



w M 45 71.0 4 10 2 11.1 11 6 11.2 1 0 

Mclanosnrcoma 34.0 41.5 41.5 38.0 4.0 

♦ CRC = Concentrated red corpusclee, 


Table 2.— Chabt Phesenting Patients of Group II 

Hgt). ) of patient at intervals 
% Hemat. / ^ 

Ilsb. Amount — — . — — , NPN Icterus index 

Ilcmafc. given Before 1 day 3 days 5 days JO days — ' » ^ ^ Reactions and 

Patient of donor CRC* (cc.) transf. after after after after Before After Before After remarks 


100 


BINDER, KLEIN: CONCENTRA.TED RED CELL TRA-NSEUSIONS 





u no 
5 fl) 


o 






'w o 

C3 o 


b 


CU^- 

fl <M 






'3^ 


-2 

.2 & cs 


w _ 

O 





CD 

'S 3 

ffi 

. o 

o 

^ o 

o 

O 

o 

o 

C 

" c3 



c 

"D ,S2 

c 

c 

c 

c 

o 

O — ’ 

o 

^ 01 03 

o 

IS ^ 

o 

o 

0 

0 


12; 


o 


O 

12: 


)2: 

% 

to 


40 

2 

»o 

lO 

o 

oi 

M 

a 

01 


Ol 


1-4 

1-4 


1—4 

rH 

40 

40 

40 

40 

40 

40 


GO 

CO 

CO 

o 

01 

nH 

01 

1—1 






40 

Ol 

00 


o 

o 




40 

h- 


14 


CO 

14 




CO 

?0 

<N 

14 

1* • 

tD 

o 

CO 



o 


14 

14 

14 

oi 

CO 

Cl 



01 

• 


<D CO 


o o 




c-t o 


00 lO 
«N 


CO 

c? 


CO lO 

c> 


o o 


CO 

y-« 


O CO 

1-4 r34 


10 O CO 

fC lO CO 

rM Tft T-1 


lOO t >.0 coo OlO 


00 o 


00 o 

Cl 


05 ID CD to 
M 01 


CO 

1-i -11 


oo oo to^o 


I -14 

I CO 


O CO 


CO o 
,-1 ^14 


r -1 "rr 


lO 

o 


CO lo 
D1 


CO r}4 


O 
CO CO 


O 


O CO 

1-4 -14 


400 OOO C) 


CO t- 
CO 


O CO 
tH -14 


o 

r-4 CO 


ic CO 
<N 


o 

14 

40 


o 

o 

to 


o 

o 

to 


o 

o 

(M 


o 

o 

Cl 


o 

o 

uO 


o 

lO 

c-l 


CO o 

o o 

10 o 

o o 

oi O 

o o 

40 O 

40 O 

q 

ts q 

r>4 

‘co 01 


CO 14 

d d 

r-4 d 

CO 00 

CO CO 

14 14 

OO 

d r- 

Cl t- 

Cl CD 

Cl 

Cl r- 

Cl 

rH CO 

r-4 CD 

d 







L> 

U 



u 

o 

> 


ci 





O 





E 



z 

rt 

i: 

o 

•«-» 

o 



'a 

ri 

O 


- 

C5 

.a 

E 

V 

CO 


■4-> 

o 

s 

C 

o 




a 

A 

O o 


p« 

C 

O? t, 

lO 



a 

cs 

£!.H 

I’ c 
o 

Uj 

C) ^ 

s § 

C5_g 

•B 

5 

t- 4 *5 
d 

eS 

o 

'a 

S 



P=< § 


Csj >> 



CJ 


4-3 




D 

oiz; 

Ph 

w 

Cel 


^f§ 

O in 



BINDER, KLEIN: CONCENTRATED RED CELL TRANSFUSIONS 101 


0 
c 

1 


o 

c 

ll 


0 ) 

q 

o 


o 

q 


o 

q 

o 

; 2 ; 


o 

q 



o 

q 



50 

20 

CO 

12 

CO 

00 

10 

or 

lo 


l-l 

3 ^ 

I'S 

50 


O 

Cl 

10 


W3 

00 



00 

® S 
q g 
2| 
+s 03 

1 == 
(t 

q g 

s J 









0; o 

*0 













a ft 

t-i u 

a> o 











CO 

ft ft 











O 05 

r-t CO 



CO 

36 

34 

39 





csf o 

»o cq 

> 


(N 


28 

09 












>, 
























•D 

1 1 

'O 


35 

27 

37 

34 

33 

48 

36 

30 

54 

'O 

CO 

u 

CO 

si 







• 

• 

' 


• 

Av. 

> 





Cl o 


CO *o 










d 10 

W CO 

• 

^ 00 

* 

• 

• 




t'- 10 

o o 



CO O 







• 

00 

05 


• 

Cl 

rs 








»-( 

^ CO 




• 

' 

• 



11 0 
33.5 

15.0 

48.5 

11.5 

42.0 

8.1 

27.0 

10.5 

31.5 

22,5 

41.0 

10.1 

32.0 

9.3 

29.5 

13.1 

40.0 

6.5 

25.5 

q -OiO 

•2 c 


8,6 

28.5 

13.6 

44.0 

7.5 

29.0 

00 o 

lo CO 

8.4 

30.0 

9.2 

33.0 

6.6 

28.5 

8.0 

29,5 

11.2 

28.0 

4.3 

18.5 

.2 ^ 

I. 

2 o 

■+J ^ 

■i-| 

>5 ^ 

q g 
2 o 

• 











43 •xs 











O o 
ft ft 

*-l fi* 

q o 











Cl lo 

ft ft 

250 

009 

250 

o 

o 

o 

o 

525 

o 

o 

o 

Cl o 
ci tH 

lO CD 

ui Cl 





CO 


rf^ 



>> 











>> 

q 











q 












'U 


20 S 
70,5 

22 6 
r 72 0 

o 

' 

CO 

22.0 

72.0 

23.5 

73,0 

22.5 

70.0 

22.9 

71,0 

24.0 

70.0 

21.2 

69.0 

22.8 

73.0 

•4^ 

w 

r-t 

d 

to 

q 

si 

q 

i 


o 









o 

q 


> 












o 

'O 

o 

q 


g 


m 

3 

03 

O 

•«-> 

a 

S 

o 

q 

S 

q 

q 

3 

w 

o 

‘C 

> 

< 

< 

'* 

o 

S 




q 

c 

c 





ft 

CO 

o 

c 


fs 

05 

B 

o 

q 

o 

q 

r> 

q 

B 



5 

rH ^ 

O) ^ 

Pi, >, 
u 

vot.. 208 

eo "o 
u 

u 

O m 

» J^O 1 — 

o ^ 

Cl .5 

*o 

•A ^ 

§ b 

P=4 ^ 

§ 

OH 

1944 

02 

o g 
^ 02 

•s; 

tc 

q 

o>3 

CO >> 

<N ^ 

E=< § 

ft 

o3 

> 

C5 "S 

o 

p=* £ 

tn 

0(§ 

C M 14 
Postoperativi 

O 

CO >> 

Cl ^ 

fe s 

ft 

o3 





“JTILT, 


4 






* CRC — Concentrated red corpuscles. 



102 BINDER, KLEIN: CONCENTRATED RED CELL TRANSFUSIONS 
Table 3. — Patients of Gboop III, Selected From Those Who Showed Neither 


Active Blood Lobs nor Blood Destruction 

Total rise 

Av. rise of 

Diagnosis 

No. of CRC 

of Hgb. in 

Hgb. per 

units given* 

gm. 

CRC unit 

Carcinoma of larynx — acute blood loss 

. 7 

11.2 

1.6 

Chronic blood loss 

. 6 

9.9 

1.6 

Chronic nephritis 

. 1 

1.2 

1.2 

Leukemia 

. 4 

4.8 

1.2 

Gas gangrene 

. 3 

5.1 

1.7 

Carcinoma of rectum .... 

. 6 

5.2 

0.9 

Splenic anemia 

. 21 

2.7 

1.1 

Subphrenic abscess 

1 

2.4 

2.4 

Acute blood loss 

. 3 

4.0 

1.3 

Anemia ? ? 

. 2 

4.8 

2.4 

Average rise of Hgb. per unit CRC 



1 .5 


* In several cases 2 units of CRC were given in 1 transfusion. 

Case 2. This 12 year old colored child was admitted 8/4/43 with sickle cell 
anemia. He had multiple ulcers of both legs, frequent bouts of abdominal 
cramps, and occasional joint pains. He had been admitted to the hospital in 
November of 1942 and after receiving multiple whole blood transfusions was 
discharged very much improved. His blood gradually declined until the 
present admission, at which time the R.B.C. tvere 1,870,000 and the hemoglobin 
was 6.8 gm. The patient was given 3 donor units of CRC and the hemoglobin 
rose to 10.2 gm.; however, following this, sickle cell crisis supervened as evi- 
denced by acute joint and abdominal pain and severe jaundice. This con- 
tinued for 3 weeks, during which period the hemoglobin was maintained at 
about 8 gm. by the administration of 4 donor units of CRC. When the symp- 
toms abated the hemoglobin was 8.2 gm. Three more donor units of CRC 
were given and the hemoglobin rose to 11.6 gm. On 9/29/43 the patient was 
discharged with the leg ulcers healed and very much improved symptomatically. 

The above is a good illustration of the use of CRC in the maintenance 
of the hemoglobin during a bout of acute blood destruction. In this 
case there was no need for replacement of blood volume or of proteins, 
the only element 'of the blood required being the red cells. By using 
CRC in this case (a total of 10 donor units) approximately 2 \ liters 
of plasma that would have been given with the whole blood were saved 
for more essential use. 

Case 3. This 65 y'^ear old white female was first admitted to the Medical 
College Hospital on 2/2/42 with the complaint of weakness, anorexia, lassitude, 
and weight loss which had become progressively worse for the previous 8 
months. Laboratory studies: R.B.C. 1,200,000, hemoglobin 3.7 gm., W.B.C. 
4500. Complete hospital studies lead to no diagnosis other than anemia of 
unknown etiology. The patient received a series of transfusions and was 
discharged very much improved symptomatically; however, she was admitted 
on 5 other occasions during the year, each time receiving multiple transfusions 
with relief of symptoms. She died 2 days after the final admission on 1/17/43 
with pneumococcic meningitis. Her hemoglobin level was maintained for 
approximately a year with 18 whole blood transfusions and 17 CRC trans- 
fusions of one donor unit each. Of the 18 whole blood transfusions, 15 were 
followed by febrile reactions of a moderate to severe nature. Every available 
method to discover the incompatibility of the patient’s blood was used without 
success. Of the 17 CRC transfusions only 3 were followed by reactions, and 
these were relatively mild in nature. SVhenever AB blood was available 
it was used as whole blood; however, frequently^ this was not possible and 
Group O CRC were used at these times. 
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This woman represents a case of anemia of obscure etiology treated by 
multiple transfusions. It illustrates well the low reaction rate of CRC 
and the desirability of their use in the rare patient who reacts to whole 
blood transfusions consistently, with no evidence of incompatibility 
discoverable; it also illustrates the relatively small danger of using 
0 cells when the blood of a patient’s specific group is not available. 

Case 4. A 28 year old housewife was admitted 9/4/43 with a chief complaint 
of vaginal bleeding and swelling of the face and extremities. There was a 
severe hypochromic anemia with a hemoglobin of 4.2 gm. On 9/7/43 a dilata- 
tion and curettage was done and the bleeding ceased within a few days. The 
patient received several whole blood transfusions with a moderate rise of 
hemoglobin level. On 9/10/43 the patient first developed signs of uremia and 
complete studies revealed renal insufficiency with hydronephrosis and ptosis 
of the right kidney. The patient then developed congestive failure, and on 
9/12/43 her non-protein nitrogen was 124 and the hemoglobin level was 5.4 
gm. Because of the congestive failure it was decided that she should receive 
CRC; in 3 days she received 3 donor units of CRC and. her hemoglobin rose 
to 9.4 gm. With further supportive treatment the uremia subsided, and later 
other procedures were carried out to correct the ptosis and hydronephrosis of 
the right kidney. 

This represents a case in which there was a need for hemoglobin; 
however, because pf the uremia and congestive failure, there was a 
danger of overloading the circulation and producing pulmonary edema 
by large amounts of parental fluids. Transfusions of CRC were 
advantageous here, furnishing the same amount of hemoglobin present 
in whole blood in half the volume of fluid. Rollowdng the administra- 
tion of 3 donor units of CRC the hemoglobin rose from 5.4 to 9.4 gm., 
and with other supportive treatment the uremia subsided. 

Reactions. Of the series of 124 transfusions there were 11 reactions, 
or a total of 8.9%. Nine reactions consisted of chills and fever, 1 was 
allergic in nature (urticaria), and 1 was a hemolytic reaction 2 days 
following a transfusion. Of these 11 transfusion reactions, 5 occurred 
in 20 transfusions given to 2 patients who received CRC primarily 
because they reacted to the majority of w’hole blood transfusions, 
despite all attempts to find a source of incompatibility (Case 3 was 
one of these patients). Discounting these 2 patients, there were 6 
reactions among 104 transfusions, or a total reaction rate of 5.8%. In 
the first 3000 whole blood transfusions given through our blood bank, 
the total reaction rate was 7.8%.’ From these data it may be con- 
cluded that the reaction rate with the use of CRC in the average 
patient requiring blood is lower tlian with wRole blood. We have 
also observed that the reactions which do occur are usually milder than 
those which occur with the use of whole blood. An opportunity pre- 
sented itself to observe this difference in the 2 patients mentioned 
above; the chills w^ere not as severe or as prolonged and the temper- 
ature elevation was less marked. 

Discussion. In our series of 124 CRC transfusions we have found 
that CRC are as efficacious as whole blood in raising the hemoglobin 
of anemic patients; and in certain instances they possessed an ad- 
vantage over the use of whole blood. With the use of CRC more 
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hemoglobin can be supplied an individual in the same volume of trans- 
fused fluids; this reduces the number of procedures and the time neces- 
sary to raise the hemoglobin to a given level. However, it was our 
impression that the hemoglobin rise per donor unit of CRC used was 
greater when single donor unit transfusions were given over a period 
of time rather than multiple donor unit transfusions in one procedure. 
Conversely, the same amount of hemoglobin can be supplied in a 
smaller volume of transfused fluid. It follows then that CRC could 
be of definite value in relieving the anemia of patients with a reduced 
cardiac reserve, by reducing the chances of the production of cardiac 
failure and pulmonary edema. Theoretically it would also be of value 
to use CRC in patients who have recently hemorrhaged and in whom 
there is danger of dislodging a newly formed clot by increasing too 
greatly the volume of circulating fluid with quantities of whole blood 
(e. g., bleeding peptic ulcer). 

In practically every previous report there has been described a 
reduced number of reactions with the use of CRC transfusions. This 
is presumably because the greater portion of the plasma has been 
removed. We too have found this to be true and have used CRC to 
advantage in patients who experience reactions to most transfusions 
of whole blood. It is also well to remember that .Group 0 CRC may 
be given to patients of a different blood group with less danger of a 
reaction than with the use of universal whole blood. 

Many patients receive whole blood transfusions when only the 
cellular elements of the blood are needed. If CRC were used for the 
many cases in which they are indicated, an additional quantity of 
plasma would be available for other important uses. It has been 
estimated in the Medical College of Virginia Hospital that about one- 
half of the transfusions given are to raise the hemoglobin level only. 
Last year about 3000 transfusions were given; thus, approximately 
1500 could have been converted to plasma and red cell concentrates, 
thereby saving 185 liters of plasma. 

It must be realized that CRC transfusions have their limitations. 
They should not be used in cases of acute blood loss until the blood 
volume has returned to normal, and the only deficit is in hemoglobin. 
Their use is contraindicated in shock, burns, and when the plasma 
proteins are below normal. The uses of CRC are not limited merely 
to elevating the hemoglobin level; Evans® has reported that CRC 
were apparently as efficacious as whole blood in controlling the bleeding 
and other purpuric manifestations of the blood dyscrasias. We have 
observed the same beneficial results in a 12 year old female diagnosed 
as having monocytic leukemia. 

Summary. 1. A procedure for the preparation of CRC is described. 

2. It is shown that CRC transfusions are as efficacious as whole 
blood in raising the hemoglobin of anemic patients in whom only the 
cellular elements of the blood are deficient. 

3. The reaction rate with the use of CRC in the average patient is 
5.8% and is 8.9% in the entire series of transfusions to all patients. 
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4. Certain advantages of the nse of CRC transfusions over whole 
blood are presented and 4 case histories are reviewed as illustrations. 

5. The indications for and the contraindications to CRC transfusions 
are discussed. 

Grateful acknowledgment is offered to Mr. William Nelson Greever, Mrs. A. W. 
Collier, and Miss T. Nesbit for technical assistance. 
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The introduction of auscultation of the heart led quickly to the recogni- 
tion of sounds other than the usual heart tones and an association of those 
sounds with cardiac damage. It was in 1809 that Allen Burns, a lecturer 
on Botany in Glasgow, described unusual sounds produced by the heart 
in a case where the mitral valve was indurated and the pericardium 
inflamed.^ He described a hissing noise. Since that time the pendulum 
of opinion on the interpretation of murmurs has swung from one side to the 
other. Interest in the significance of these murmurs has been greatest in 
times of war when the question of physical fitness has reached the impor- 
tance it routinely deserves.®^ 

Le\’ine points out that, when it is realized that patients have compen- 
sated organic vahular disease for many more years than they have heart 
failure and that they often desire to know whether heart disease of any sort 
exists, the importance of this subject is appreciated.'^'*'’ The great interest 
in recent years in the efficiency of heart muscle as an index of the extent 
of damage in the heart has had some effect in minimizing the importance 
of murmurs. It is sometimes stated that the efficiency of the heart muscle 
often has greater significance than murmurs in the diagnosis of cardiac 
disease.*® This is at times true; but there are also numerous occasions on 
which the murmur carries greater weight in the diagnosis than does the 
condition of heart muscle. 

Whereas the diastolic murmur has received the greatest respect in cardiac 
diagnosis, the systolic murmur is known to occur frequently without an 
anatomic cause. Laennec knew that the murmur was often heard in the 
absence of heart disease, and we, a century and a quarter later, still fre- 
quently find ourselves unable to determine when such a murmur indicates, 
and when it does not indicate cardiac vahuilar damage. The early inter- 
pretation of cardiac murmurs did not take into consideration transmission 
of the murmur, history of rheumatic fever, or enlargement of the heart. 
The differential diagnosis of physiologic and pathologic murmurs was not 
well established and cardiac murmurs were synonymous with vahuilar 
defects. For many years, even though it was recognized that some mur- 
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murs occurred in the absence of valvular defects, as shown by postmortem 
examination, the fact that murmurs w^ere sometimes associated with heart 
disease led to a frequent assumption that a heart with murmurs w'as a 
diseased heart. In the period about 40 to 50 years ago the pendulum 
swung to the other extreme and the teaching became worldwide that 
systolic murmurs had no significance. It is ob\'ious at present that 
neither of these extreme views is the correct one and that the truth lies 
somewhere in between. Confusion in the interpretation of systolic murmurs 
at the time of the first World War is evident from the fact that at first 
men with such murmurs were turned down for military service. Through 
the advice of Lewis, the regulations were later changed so that those with 
systolic mtumurs, in the absence of other evidences of heart disease or a 
history of rheumatic fever, were accepted. 

Frequency. The importance of the problem is reflected in Reid and 
Pharr’s statement that systolic murmurs were found in 20 to 35 % of normal 
youthful patients.®^ BlumenthaP found approximately 23% of the 
patients attending cardiac clinics were normal, and that 25% of these 
normal individuals had systolic murmurs. Others have estimated the 
occurrence of systolic murmius in children at 40 to 70%, and in older age 
groups at from 20 to 35%.” 

RaulP® found in 710 children from the first to the eighth grade in a 
school survey in Cincinnati, that 20% had such murmurs. In 5541 high- 
school students from 12 to 19 years of age, Schwartzman®® found 134 
(2.42%) with organic heart disease, and 43.9% with physiologic murmurs. 
The latter is a seemingly high figure, which was greatly increased by 
exercise to 88.6% of those without a murmur at rest. Some believe that 
especially in children®® a large percentage of soft murmurs is significant. 

Contratto*® in 2856 college students found systolic murmurs in 350 
(12.3%), 7.3% of which were classified as “functional.” In 127 (4.6%) 
the intensity and location precluded a functional classification and there 
were not sufficient findings to diagnose heart disease. These figures show 
the importance of the detection, interpretation and evaluation of murmurs 
as signs of heart disease. 

Classification. It has been traditional to term murmurs organic when 
caused by valvular damage, abnormal orifices and constrictions produced 
by patliologic disturbances in the vascular system. The tarms functional, 
accidental, hemic, accessory, adventitious, atonic, non-paihologic and non- 
organic have been applied to the others. Some have classified murmurs 
by a dichotomous system,” first, those occurring in normal individuals, 
and, second, those found in individuals with disease. In normal persons, 
murmurs have been further classified into temporary and permanent. In 
patients with disease, they have been separated into tliose caused by 
cardiac disturbances, such as endocardial, vahmlar, myocardial and con- 
genital disease, and those resulting from generalized disease, such as 
anemia, hypertension, infection and fever. This system can be simplified 
by classification of mmmurs into 4 groups— those occurring in the absence 
of disease, those occurring in_ generalized disease, those resulting from 
endocardial and from myocardial damage. 

White, Adams and Craib'” have found the terminology in general use 
unsatisfactory and confusing, a point of -view with which the WTiter 
heartily agrees. The use of the term functional, for e.xample, describes 
murmurs found in 2 entirely different types of patients— normal indi^^duals 
and those with a dilated valvular ring or heart chamber from cardiac or 
extracardiac disease. Such a term, therefore, covers murmurs of no 
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importance and murmurs resulting from serious myocardial damage. 
They propose the following classification : 

I. Physiologic murmurs. 

A. Intracardiac or intravascular. 

B. E.vtracardiac. 

(а) Cardiopulmonary. 

(б) Pericardial. 

TI. Pathologic murmurs. 

A. Due to structural valvular disease. 

B. Due to congenital cardiovascular defects. 

C. Due to dilatation of ventricles, aorta, or pulmonary artery 

from: (a) cardiovascular disease; (b) other diseases, such 

as anemia, thyi’otoxicosis, sei'ere infection. 

D. Due to pericarditis. 

According to this terminology, as further described by White, Adams 
and Craib, physiologic murmurs are frequently found in normal persons. 
The intracardiac and intravascular varieties are almost always s^'stolic 
and occur chiefly over the pulmonic and apical areas. Such murmurs are 
usually soft and blowing, high pitched, short, often beginning late in the 
cardiac cycle and ending before the second sound, and are rarely holo- 
systolic. They are heard over a limited area, but at times may be trans- 
mitted. Frequently they are inconstant, appear after exercise and vary 
with the position of the body. They are usually loudest ■when the patient 
is lying down and at the end of, or during, inspiration, although they may 
be heard at the end of expiration. Appro-ximately 50% are heard in both 
inspiration and expiration. Deep breathing may exaggerate them. 
They do not replace the first sound. 

The cardiopulmonary murmurs of the extracardiac variety result from 
the action of the heart upon aeration in the lung. They are usually 
systolic, blowing and relatively faint, but may be transmitted into the 
axilla. They are at times difficult to differentiate from intravascular 
murmurs, but if the patient stops breathing at inspiration or full expira- 
tion, or even at any point in the respiratory cycle, they usually cease. 
Sometimes, however, they may continue. Extracardiac murmurs over 
the heart may be intravascular. Examples of this are the venous hums 
in the neck which are sometimes heard in the upper chest, and the venous 
hum transmitted from the epigastrium, occurring at times in the Cruveil- 
hier-Baumgarten syndrome. Occasionally unusual situations occur, such 
as that described by Maliner,*® in which a cavernous hemangioma in the. 
left epigastrium produced the murmur. Pericardial sounds are scratching, 
systolic, diastolic or both, heard just along the left border of the sternum, 
especially after exercise or in thyrotoxicosis. Explanations for their 
presence include compression of the pericardial surfaces by the vigorously 
acting heart.’'’ 

Pathologic murmurs, as described in the classification of White, Adams 
and Craib, include some murmurs commonlj’^ called functional because 
they occur with normal valves in cardiac dilatation. It may be difficult 
or impossible to determine whether or not pathologic murmurs result 
from deformed valves. Those due to pericarditis are the well-known 
friction rubs, not usually considered under the term, murmur. They are 
systolic, or systolic and diastolic, in time, scratchy in character, best 
heard near the left border of the sternum or between the sternum and 
apex. They will not be discussed here. 

The above terminology will be adhered to in the remainder of this 



MEDICINE 


109 


discussion, which is concerned primarily with the problem of differentia- 
tion of the physiologic murmur from pathologic murmurs representing 
cardiovascular disease. This phase of the problem is most important for 
it is a greater error to make the diagnosis of organic heart disease in a 
person with a normal heart than it is to make a diagnosis of a normal 
heart in an individual with a minimal lesion, without any other cardiac 
findings!® 

No discussion will be given concerning the factors underlying the devel- 
opment of murmurs. It is well known that when the circulation speeds 
up to a point where turbulence in flow occurs, murmurs are likely to 
develop. Since the greatest velocity occurs in systole, the greatest num- 
ber of murmurs is likely to develop in that time. This point is often 
reached in exercise, febrile states, hyperthjToidism and conditions causing 
reduced blood viscosity,' such as anemia. Turbulence of flow also results 
from valvular damage, such as insufficiency or stenosis with constriction 
of arteries, and from abnormal openings, as in congenital heart disease. 

Characteristics of Systolic Murmurs. Thrills. Attempts to differenti- 
ate physiologic murmurs from the pathologic variety have brought to 
light many characteristics— some time-honored— which are useful in such 
differentiation. Most of these characteristics are periodically subject to 
review®'®^'®® and will be but mentioned here. The presence of a thrill, 
the palpable counterpart of the murmur, usuallj^ brands the murmur as 
significant. A thrill is not something apart from the murmur, but indi- 
cates merely that of the vibrations produced by the turbulent flow, there 
are enough of sufficient intensity and proper wave lengtli to produce palp- 
able sensations. Intensity, therefore, enters into this concept. All mur- 
murs with accompanying thrills (all thrills, therefore) do not signify 
organic heart disease- Such vibrations are felt at times in hyperactive 
hearts, as in hyperthyroidism, or wth certain systolic murmurs, especially 
in the pulmonic area, in the absence of organic heart disease. However, 
the prolonged purring sensation which is definitely the counterpart of a 
murmur almost invariablj’’ brands that murmur as pathologic. 

Qualiiy. Quality and high or low pitch of murmurs, blowing quality, 
harshness, whistling and musical character® are factors of importance in 
the interpretation of systolic murmurs. It has been suggested that 
sound records might be helpful in the differentiation of physiologic and 
pathologic murmurs. McKee®® points out that the apical systolic mur- 
murs present in cases of mild cardiac damage appear similar to those 
found in normal records except for increased intensity. She points out, 
too, that with more advanced heart disease these murmurs become slightly 
higher in pitch. Manheimer®® felt that, with filtration of frequency ranges, 
differentiation could be made between organic and physiologic murmurs 
and that the method should complement auscultation. Bartlett and 
Carter^ profess to differentiate by stethograms systolic murmurs which 
are significant from those which are not. Criteria are given for this 
differentiation, but proof of the state of the patient’s heart by autopsy is 
the only safe criterion to check such records and this apparently was not 
done._ Certainly others,®®’^® including the writer, are not con\dnced of the 
superiority of sound tracings o\'er the human ear, especially for pitch and 
loudness, although systolic murmuTs may be seen in records when not 
heard.'® 

At times sound tracings may be helpful by the addition of supporti^•e 
evidence for a systolic murmur. The diastolic rumble is at times difficult 
to hear and may be recorded when not audible or when the murmur is 
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little more than a prolongation of the third heart sound. Likewise events 
in diastole, split sounds and gallops, may be recognized as heart tones and 
differentiated from murmurs by the sound tracings.^^’'*^ 

Transmission. Transmission of the murmur adds weight to its inter- 
pretation as pathologic. Apical murmurs transmitted into the left axilla 
and back fall into this group. In some instances transmission is extreme 
and the murmur may be heard completely around the chest. This phe- 
nomenon is described as Couto’s circular murmur.®’®^ Further remarks 
on transmission are included under Intensity. 

Duration. Two other characteristics of systolic murmurs are of great 
value in their interpretation. Duration of the murmm is one. A mur- 
mur, especially an apical murmur, which persists throughout systole, holo- 
systolic therefore, is usually pathologic. This is particularly true if it 
replaces the first heart tone. 

Confirmatory Reliable Signs of Heart Disease. Finally, and of greatest 
importance is the presence of other findings diagnostic of heart disease. 
Cardiac enlargement, a diastolic murmur, alternating pulse, for example, 
would indicate definite organic heart disease and the accompanying sys- 
tolic murmur would be considered pathologic. 

Intensity. It will be noted that the first 3 characteristics described 
above were definitely related to intensity of the murmur. The louder the 
murmur the more likely the transmission. Transmission, especially of 
apical murmurs to the axilla or back, gives a greater significance to the 
murmur than if it is localized. Intensity also enters into the obliteration 
of the first sound when the murmur is instituted with the beginning of 
systole. 

The factor of intensity has received much attention in the interpretation 
of murmurs. It is not an index of the degree of heart disease, for a slight 
leakage with vigorous ventricular contraction may give a loud murmur, 
whereas ventricular dilatation may cause the murmur of great leakage to 
fade. At times, loud murmurs, even with a thrill, may be heard and yet 
normal heart valves are found at autopsy.*^ Such circumstances are unusual. 

Both Levine-^ and White^® give great weight to the intensity of the 
murmur. Levine feels that all loud murmurs indicate heart disease. He 
states that we specify the amount and degree of albuminuria and glyco- 
suria in quantitative terms and that the application of the quantitative 
methods of murmur intensity is also most helpful in diagnosis. He grades 
murmurs in 6 classes. Grade 1 describes the faintest murmur heard on 
careful auscultation, which has definite duration into systole to rule out 
prolongation of the first tone. Grade 6 is the loudest murmur, one which 
may be heard with the naked ear at some distance from the chest. Grades 2 
through 5 are intermediate and are called slight, moderate, loud and very 
loud. He finds that nearly all murmurs in Grades 3 and 4, or greater, are 
associated ivith organic heart disease. In 1000 patients chosen at random 
from various hospital services, he found that 19.6% had murmurs of 
Grades 1 and 2. If those with a history of rheumatic fever or with hyper- 
tension, anemia, neuroeirculatory asthenia, hyperthyroidism and fei'er 
were taken out, only 45 (4.5%) remained; and in 34 of these the murmur 
was Grade 1. He found that in normal indi\aduals, exercise did not pro- 
duce murmurs above Grades 1 or 2 in 10 subjects tested. Results of this 
study indicated that if systolic murmurs of Grade 2 or more were found 
with no conditions such as anemia, hyperthyroidism and the other factors 
mentioned above, to account for them, they probably were due to some 
organic change in the heart. 
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In 1927, White, upon the basis of intensity, analyzed 1000 patients 
with apical systolic murmurs, divided into slight, moderate and marked 
groups. The slight ones constituted 490 of the 1000. Of these, 176 had 
apparently normal hearts and 276 (56 %) had disease. It must be remem- 
bered that these patients were chosen from those sent to a cardiologist 
for evaluation and not at random from the general population. Many 
of the patients had other evidences of disease such as other murmurs or 
enlargement of the heart. Moderately loud murmius constituted 240 of 
this group. Only 12 were thought to have normal hearts and of the 12, 
6 were accounted for on an extracardiac basis. In the very loud group, 
which included 270 cases, there were only 2 normal hearts, 1 in a patient 
with anemia. White felt that the louder the murmur, the worse was the 
prognosis. 

Baker, Sprague and White^ have more recently followed up 187 patients 
who were seen 10 to 21 years previously with loud or very loud systolic 
aortic or mitral murmms, corresponding to Grades 4, 5 and 6 of Levine. 
Diastolic murmurs were not present. Of these, 155 (82.5%) were dead, 
and in 122 (78.7 %) death had been due to heart disease. In 74 (47.7 %) 
death occurred within 1 year after the first examination; in 110 (70.8%) 
within 3 years. Only 24 of the 155 deaths occurred under the age of 50. 
In 24 % of the deaths among those with rheumatic heart disease, subacute 
bacterial endocarditis was the cause. They found that systolic murmurs 
of this intensity are almost always associated with cardiovascular disease. 

Baker, Sprague and White also state that such factors as pregnancy, 
anemia, hyperthyroidism and neurocirculatory asthenia probably do not 
produce loud murmurs. Friedlander and Brown^® carried out several 
procedures on a number of normal individuals to note the development 
and intensity of murmurs. In 100 patients with no heart disease, the 
administration of amyl nitrite to the point of full pharmacologic effect 
produced murmurs in 47, varying in age from 12 to 57 years. Most of 
the murmurs were heard at the base and none was louder than Grade 2. 
In only 4 of 26 patients with fever, produced by typhoid or malaria, did 
transient systolic murmurs appear, and none was as loud as Grade 3. 
These data constitute strong evidence in favor of the association of loud 
murmurs with organic cardiovascular lesions. 

The effect of exercise on the appearance of murmurs is not constant. 
Norris and Landis'® found that 7.8 % of 1552 students developed murmurs 
after exercise. Mackenzie’s figure is 2.8% of 266 apparently healthy 
students. Siemsen’s figure"” is 46% in 275 children and adolescents. 
Schwartzman’s high figure®® of 83% in school children after exercise has 
already been given. 

Location. , The location of the systolic murmur is of importance in 
its interpretation. In the pnhnonic area, murmurs usually described 
as functional, that is physiologic, are heard in 60 % of children under the 
age of 14 and are common in thin-chested individuals.®® These are prob- 
ably the commonest of all heart murmurs, are usually soft, occasionally 
rough, frequently loudest with the patient recumbent, and often are 
absent at some phase of respiration. They are frequently heard best at the 
end of deep expiration. Usually they are localized and do not replace the 
first sound. Exercise may bring them out. In this location, such mur- 
murs usually occur without a background of organic disease and are vari- 
o\isly ascribed to constriction of the pulmonary artery, dilatation of the 
artery, or its nearness to the chest wall. At times they may be associated 
with extracardiac lesions, such as pleural effusion or mediastinal glands 
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Avhich cause displacement or pressure. Pulmonary sj^stolic murmurs due 
to heart disease may result from right ventricular enlargement, associated 
with pulmonary disease, mitral stenosis, patent ductus arteriosus or pul- 
monic stenosis. Because the pulmonic systolic murmur is so frequently 
found with the normal heart, other evidences, such as cardiac enlargement, 
diastolic murmurs, thrills or other reliable signs of heart disease, are essen- 
tial to a cardiac diagnosis. Fortunately, it appears that when the mur- 
mur is significant, such corroborative evidence usually is present. 

Murmurs in the aortic area, unlike those in the pulmonic area, may be 
difficult to interpret, even when slight transmission into the neck occurs, 
if other evidences of heart disease are not present. These murmurs are 
best heard in forced expiration. The writer agrees with Scott’s state- 
ment‘*° that aortic systolic murmurs in adults are so often associated with 
organic disease that, as a group, it is dangerous to regard them in any 
other light. Soft systolic mmmm’s in this area do go unexplained at 
times, but even then minor changes, rheumatic damage, bicuspid aortic 
valve, for example, cannot be ruled out. Scott also points out that it is a 
common error to ascribe systolic murmurs heard in the aortic area to trans- 
mission from the pulmonic area. Syphilitic aortitis, aneurysm, arterio- 
sclerotic changes in the aorta, as well as rheumatic aortic disease, may 
produce systolic aortic mmmurs. They may occur at times in the absence 
of disease, especially in the overactive heart characteristic of such condi- 
tions as hyperthyroidism and anemia. In hypertensive patients, also, 
systolic aortic murmurs may develop. Such a patient may have to bend 
‘forward in the sitting position and exhale in order to bring out the mur- 
mur. It is evident, therefore, that disease in the region of the aortic 
valve may, and often does, produce soft, blowing, localized systolic mur- 
murs which, had they occurred in the pulmonic area, would be disregarded. 
Such a murmm' raises the suspicion of disease long before a thrill, musical 
or harsh quality, transmission to the neck, or changes in the second sound, 
develop. 

The patient’s age is of importance in the evaluation of aortic murmurs. 
In infancy — rheumatic fever and congenital heart disease; in middle age-|- 
syphilis and rheumatic fever; and in advanced age — arteriosclerotic 
changes in the aorta or in the cusps or ring, should be considered. Sys- 
tolic murmurs of aortic origin may rarely be heard best at the apex; and 
there are several patients on record in whom aortic disease has produced 
apical murmurs, at times even with a thrill. Such circumstances are 
unusual and when aortic murmurs are heard at the apex the intensity is 
usually greater in the aortic area.^® 

Since the criteria for the establishment of the diagnosis of aortic stenosis 
by physical means demand a systolic murmur, a thrill and characteristic 
changes in the pulse, this diagnosis is often not made because of the lack 
of criteria when the condition is present. With systolic aortic murmurs, 
this diagnosis is always to be considered and, in the absence of a thrill, 
changes in the second sound, modifications in the pulse and cardiac enlarge- 
ment, the systolic murmur may be the only early sign. Under such cir- 
cumstances, fluoroscopic examination to determine the presence or absence 
of calcification in the aortic leaflets may be the only means of establishing 
a diagnosis. 

Systolic tricuspid murmurs are usually physiologic and intravascular. 
Organic disease of this valve is rare, Avhereas systolic murmurs in this 
region are common. Its ring, for instance, dilates easily with exercise. 
This occurs so constantly in normal individuals that one would hesitate 
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to call such dilatation pathologic. The same is true in pregnancy and 
other states causing increased metabolism. In the cardiac dilatation of 
disease, a murmur in the tricuspid area is common. Usually the murmur 
is not conducted widely and has a soft and blowing character. 

Systolic apical murmms create the greatest problem in diagnosis because 
of their frequency and the difficulty in the elimination of the possibility 
of organic mitral regurgitation. 

We have already discussed such characteristics of systolic murmurs as 
masking of the first soimd, transmission, duration and intensity. Con- 
stancy of the murmur is known to affect its significance. Definitely 
pathologic murmurs are often constantly present and little affected by 
respiration, position and other factors such as tachycardia, which may 
increase the intensity. Murmurs that are constant from beat to beat 
and day to day are likely to be harsher, longer and better transmitted. 
When they are inconstant, they are more likely to be blowing, less intense, 
localized and heard most often with the patient lying down. The quality 
and pitch of such murmius, that is, the presence of harshness and the 
musical quality,® add some weight to the interpretation of the murmur. 
However, all of these characteristics do not absolutely differentiate physio- 
logic from pathologic murmurs, for it has been established that all the 
characteristics ascribed to pathologic murmurs may occur at times in the 
physiologic group. The rare occurrence of loud, transmitted murmurs, 
with thrills in the absence of heart disease, has already been pointed out. 

Certain other characteristics have been described in apical physiologic 
murmurs, for example, the bridge effect. It has been stated that the 
localized systolic murmur of nervous tachycardia may at times be heard 
only when the bell of the scope rests on 2 ribs and bridges the intercostal 
space.^ This procedure, when used on a faint systolic murmur, may 
make it readily audible, when it is otherwise difficult to hear. However, 
one sees the same effect in more evident systolic murmurs, including the 
apical systolic murmiu of rheumatic heart disease, a fact which indicates 
that this effect is one of increased intensity of sound, transmitted through 
the scope to the ear rather than one of differentiation of physiologic and 
pathologic murmurs. 

Certain apical systolic murmurs can readily be determined not to be 
due to heart disease. This is often, but not always, true of the physiologic, 
extracardiac, cardiopulmonary murmurs. Since systolic murmurs often 
occur in conditions which increase the activity of the heart — nervousness, 
exercise, fever, for example — correlation of the occurrence and disappear- 
ance of the murmur with the development and disappearance of the dis- 
tmbance producing it, indicates the nature of the systolic murmur. 

Rheumatic History, From the description of the above characteristics 
of murmurs which add weight to the interpretation of the murmur as a 
pathologic one, the deduction may be drawn that the absence of these 
characteristics usually gives the implication that the murmur is without 
significance. An inconstant apical murmur which is not transmitted and 
not related to the factors just above mentioned is commonly regarded 
as not important. Ob^^ously this is frequently true, as indicated b^' post- 
mortem examination. But such faint or inconstant, apparentb-^ physio- 
logic, murmurs may result from disease. Even when the murmur does 
not result from heart disease itself, it is important to find the cause, if 
possible, for the condition causing it, hyperthyroidism, for example, may 
be as important as heart disease. Faint murmurs classified as Grade 1 
are found in many normal people, so that their use in diagnosis is not 
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great. Yet they may be associated with organic disease, such as rheu- 
matic fever, and one may not be able to determine from the characteristics 
of the mmmur whether or not rheumatic fever is the causative agent. 

Because 20 to 25% of the people with rheumatic heart disease are 
unaware of a previous attack of rheumatic infection,^“ a murmur produced 
by rheumatic fever may occur without any historical evidence to point 
to its importance. With a history of rheumatic fever, one must reserve 
his opiniorf^ and may not, at one examination or over a period of time, be 
able to determine whether or not an organic lesion is present. Commonly 
in rheumatic fever several years may elapse after recovery from the acute 
phases of the disease^^ before definite signs of mitral stenosis appear. At 
times evidences of rheumatic heart disease may disappear and leave the 
patient with a systolic murmur only, or no findings. In Bland, Jones and 
White’s series, about 30% of individuals who had rheumatic fever in 
childhood showed no clinical evidence at a period averaging 10.3 years after 
the episode.®’® In 1000 patients who had had early evidence of rheumatic 
heart disease in childhood, with such findings as enlargement and mitral 
diastolic murmurs, 83 (8.3%), at a follow-up after an average of 10 years, 
showed clinically normal hearts, 30 with faint inconstant pulmonic mur- 
rnttrs, and 53 without any murmurs. A much longer period may elapse 
with no evidence of disturbance except the systolic apical mirrmiu’. Periods 
as long as 15 years are not uncommon. The usual period is much shorter. 

It has been said that one is not usually wrong if he does not diagnose 
mitral insufficiency, in spite of the presence of a systolic murmur, after a 
period of several years in which no diastolic murmur has developed and 
there is no evidence of change of cardiac contour, particularly in the left 
auricular region, by Roentgen ray examination. In a follow-up study 
on 100 children with apical systolic murmurs, previously reported by 
Steuer and Fineberg,'^ they^ found that 30% developed severe organic 
disease, but only 9% of those with perfectly normal hearts, fluoroscopi- 
cally, developed further evidence of heart disease. In 33 followed over 
10 years, 27 % developed serious valvular diseases, 61 % still had systolic 
murmurs and 12% none. Blumenthal,’ in a group of patients with 
systolic murmurs and no associated disease detectable by physical exam- 
ination, electrocardiography, Roentgen ray examination and laboratory 
studies, but including those with a history of rheumatic fever, followed 
up 72 of 100 patients for an average of 7 years. A murmur occurred at 
the apex in 44 and at the base in the remainder. Only 4 cases, after 
7 years’ follow-up, developed definite heart abnormalities besides the sys- 
tolic murmur. He concluded that, if the heart is normal in size and 
rhythm and there is no sign of organic heart disease, the heart is perfectly 
normal and that, with other evidences, opinion should be based on other 
signs and not on the murmiu. 

However, since systolic mrumius may be present for a number of years 
without the development of mitral stenosis, a history of rheumatic fever 
would imply that one could not be assured of the absence of mitral valvular 
disease in such patients. Even when the murmur is slight and has the 
characteristics that are commonly ascribed to physiologic murmurs, the 
patient may carry on a normally long and active life without heart failure 
or other cardiac impairment. This may be true even Avhen the patient 
has loud systolic murmurs. The ability to carry full activity and lead a 
normal, active life does not mean that changes in the valve have not taken 
place. Under such circumstances, hoAvever, it is not necessary to restrict 
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the patient’s activity. The unnecessary production of cardiac neuroses 
and the wrecking of the happiness of many patients has been brought 
about by such restrictions. Yet the danger of the development of sub- 
acute bacterial endocarditis is evident. Experience indicates that in some 
of these patients with a systolic murmur, at times having only the charac- 
teristics commonly considered physiologic, termination in subacute bac- 
terial endocarditis has shown the real significance of the murmur and 
the presence over a period of years of minimal rheumatic change in the 
valves. 

Past teaching has emphasized that mitral re^rgitation from rheumatic 
valvulitis is rare without mitral stenosis, particularly after several years 
have elapsed during which time mitral stenosis is likely to develop. Cabot 
taught that mitral regurgitation without stenosis was never a justifiable 
diagnosis. This view would interpret apical systolic murmurs resulting 
from rheumatic fever as of no consequence, ivhen they frequently are 
significant. 

Since diagnosis on a single sign is never satisfactory and may be impos- 
sible, Lendorf^ has stated that, to recognize mitral disease by means of a 
systolic murmur, it is first essential to eliminate all murmius which do not 
arise from the mitral valve and, next, to distinguish between the murmur 
of a diseased ventricle and that of a diseased valve. For any degree of 
certainty under such circumstances, a long, harsh, systolic murmur that 
is transmitted to the axilla must be heard in a patient rvith a past history 
of rheumatic fever. Many feel that, if an organic lesion is diagnosed in 
the mitral valve, stenosis is likely present even though the murmur of 
mitral stenosis is absent. Diagnoses of rheumatic mitral disease can be, 
and are, made under certain circumstances in the absence of the diastolic 
murmur. There is described a widely patent mitral valve with marked 
regurgitation producing auricular and right ventricular enlargement in 
the absence of stenosis, as seen postmortem. This is a rare occurrence. 

Rheumatic mitral insufficiency cannot be eliminated in a patient with 
a systolic apical murmur in the presence of a history of rheumatic fever, 
despite the fact that 2, 5 or even 10 or more years ha’i^e elapsed, or even 
when there is no history of rheumatic fever. Such a patient with a systolic 
murmur may live out his normal expectancy of life, or findings may remain 
stationary for a number of years and then subacute bacterial endocarditis 
may develop. Certainly in the absence of a murmur, valvular damage is 
extremely unlikelj". In the presence of a murmur having the characteris- 
tics described for physiologic murmurs, the likelihood of organic disease 
is not great. With the other characteristics described supporting impor- 
tance of the murmur, particularly with increased intensity and the changes 
w'hich result with it, the likelihood of the significance of the murmur, ei'cn 
in the absence of enlargement of the heart, is much greater. The argu- 
ments for the presence or absence of "pure” mitral regurgitation of a 
rheumatic origin without some degree of stenosis’-'^ are of little practical 
importance, for the systolic murmur alone may be evidence of rheumatic 
heart disease and may be the only auscultatory sign for many years. It 
is difficult, even after death, to deduce from the appearance of the cusps 
whether or not leakage occurred in life. 

It must be remembered that the diastolic murmur of mitral stenosis is 
not always easily heard. It may require exercise of the patient or inhala- 
tion of amyl nitrite to bring it out and it may be inconstant. If it cannot 
be heard, fluoroscopic study of the heart may show changes in the left 
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auricle and, with the electrocardiogram, help in diagnosis. Calcification 
of the valves may also be helpful, and in the mitral valve Sosman considers 
it diagnostic.^^ Such evidences often may point to the importance of a 
systolic murmur in the absence of any other findings. 

Mitral Incompetence. Regurgitation of blood due to incompetence of 
the mitral valve may result from any lesion which increases the size of 
the left ventricular cavity and causes either increased tension of the 
chorda tendinefe, so that the valves cannot close properly, or dilatation 
of the mitral ring, producing the same effect. In older individuals with 
arteriosclerosis there may be thickening and sclerotic changes in the 
mitral cusps which also might produce regurgitation of blood. In arterio- 
sclerotic disease without cardiac enlargement, a s 3 'stolic murmur frequently 
occurs.^® This is particularlj'’ true after episodes of coronarj’^ thrombosis 
and some feel that infarction may produce localized dilatation in the 
mitral ring resulting in the mmmur. These findings are likely to develop 
in older individuals with other e^ddences to indicate the type of disease, 
or individuals with obvious types of heart disease, other than rheumatic, 
with heart failure producing cardiac dilatation. The same finding maj'^ 
occur, as already stated, in anemia wth dilatation of the heart. Sj^stoUc 
murmurs almost invariably accompanj'^ enlargement of the heart. Thus 
the factor of age again enters into evaluation of the systolic murmur. 
Scoty® feels that the systolic murmur in the patient over 40 should always 
be suspected as a sign of heart disease. It is evident that one cannot 
wait for cardiac enlargement to interpret systolic murmurs as resulting 
from cardiac disease in older individuals. Diagnosis must often rest upon 
the presence of the cause for the cardiac changes, or upon the basis of the 
demonstration of calcifications in the valve cusps. The systolic murmur 
in older indi\dduals, then, maj' be the only physical evidence of possible 
damage to the heart bj'' arteriosclerotic disease, and maj^ be the bit of 
evidence which leads to electrocardiographic and fluoroscopic shidies 
which confirm the presence of myocardial damage. 

Systolic Murmurs in Children. The high incidence of systolic murmurs 
in infants and children has received some consideration in the pediatric 
literature. Siemsen'*'*’ points out that the literature concerning physio- 
logic murmurs in older children is fairly extensive but in infants is rather 
sparse. Explanation of murmurs in infants often entails a discussion of 
the fetal circulatorj’- structures and of anemia. He quotes Jacobssohn^® as 
voicing the opinion that non-organic murmurs are not encountered until 
after the third j^ear of life. Siemsen examined newborn infants at least 
twice a week during their hospital stay and found a wide variation in the 
incidence of murmurs. On one day none was heard in 16 infants and on 
another 5 of 18 showed murmiu's. At times murmurs were inconstant 
during the examination, as well as from examination to examination. 
In 26 of 105 (25 %) murmurs -were heard. The figure increased with the 
number of examinations per patient; and of those examined once, 12% 
had murmurs; of those examined twice, 15%; and of those examined 
3 times, 37 % had murmurs. These murmurs were systolic, mostlj" soft 
and blowing and usuallj'^ loudest over the apex. Occasionallj' thej' were 
loud and at times musical. These findings spoke against the murmurs 
arising from patent ductus arteriosus or patent foramen ovale where 
they would likely be basal and of a different quality. No extracardiac 
causes for murmm-s were found. Lyon, Rauh and Stirling,"’ in a similar 
study, also concluded that patent ductus arteriosus or patent foramen 
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ovale usually did not produce murmurs at this time. In 7673 newborn 
infants, they found only 147 (1.9%) as contrasted to the 25% reported 
by Siemsen, with murmurs in the first week. In older children, physio- 
logic murmurs, as already stated, are common. 

Insurance Statistics. Insurance statistics on systolic murmurs show 
some enlightening data that should be reviewed by all clinicians interested 
in cardiac examinations. The insurance approach evaluates mortality in 
a group. McCrudden®’^ points out that it may seem odd to the clinician 
that insurability is based upon murmurs rather than upon a pathologic 
diagnosis. Where the latter is possible, it does form a basis, but with 
systolic murmins the characteristics of the murmur are better established 
and make a more reliable grouping than do the varied diagnoses inferred 
from these murmurs by the clinician. In such groups the average mor- 
tality is established so that outcome for the group is known and can be 
predicted, whereas the outlook for any one individual in the group cannot. 
Clinical medicine deals with the individual, insurance medicine with the 
group. 

Standard risks include those people with no impairment, or wdth minor 
ones, accepted at regular premium rates. Substandard risks include im- 
pairments of a more serious nature to which some restrictions or extra 
premium are added. A relative mortality of 150% means 50% above 
normal, or standard mortality, or an extra mortality of 50 %. 

Most of the figures quoted on systolic murmurs are based largely upon 
the medical impairment study (M.I.S.) of a group of companies^ 
along with some accessory data.*-*®-*'''’^®'''* A decrease in life expectancy 
has been found with apical systolic murmurs. In persons with an incon- 
stant systolic apical murmur, not transmitted, the mortality was 135%, 
or an extra mortality of 35%; with a cpnstant murmur, it was 156%. 
Hence some portion of this group includes murmurs of organic disease. 
For systolic murmurs in the pulmonic area the figure is only 112 %, indicat- 
ing that murmurs in this area are largely physiologic. When one adds 
characteristics which clinically are known to increase the importance of 
the murmur, for example, the constant systolic apical murmur trans- 
mitted to the left (but without a history of rheumatic fever), the figure 
increases to 224 %. The mortality is over twice that expected, indicating 
that such a murmur is a serious impairment. If one adds moderate 
cardiac hypertrophy, the mortality becomes 476%, or an extra mortality 
of 376 %. Without enlargement, a history of rheumatic fever, or chorea, 
or other infectious disease runs the extra mortality up to 229 %, and with 
hjpertrophy also, to 365%. Mortality is also greater imder similar cir- 
cumstances in heavy workers than in the white collar class. Tonsillectomy 
seemed to make no difference. 

The above figures are, of course, from those presenting themselves for 
and obtaining insurance, either at standard or substandard rates, and not 
from the selected type of clientele which would present itself to the cardi- 
ologist for check-up. Interpretation of the results is not influenced greatly 
by arguments that physicians of varied abilities have built up the groups, 
for the same factor enters into the control series. The figures confirm 
the clinical discussions of systolic murmurs already given. Pulmonic sys- 
tolic murmurs without reliable signs of heart disease are so commonly 
physiologic and so rarely pathologic that one may individualize with the 
group data and consider such murmurs as generally unimportant in the 
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individual patient. However, with apical murmurs, even the inconstant 
ones having characteristics ascribed to physiologic murmurs, the increased 
mortality indicates that patients with organic heart disease have been 
included. This fits in with the reluctance, expressed in the clinical dis- 
cussion of these murmurs above, to accept them as meaningless even 
though a great or greater portion may be. Such patients are entitled to 
all the means we have available, electrocardiography and fluoroscopy 
particularly, to establish a diagnosis, if possible, not with the object of 
controlling activity or imposing restrictions which may do the patient 
more harm than good; but with the idea of recognition of the possibility 
of future bacterial endocarditis, even though remote in time or frequency. 
Spaced examinations, intelligently advised for the recognition of further 
progress of findings to a point where satisfactory diagnosis is possible so 
that early treatment may be instituted if necessary, also result from such 
a plan. Certainly the statistics also indicate that when the characteris- 
tics of murmur transmission and rheumatic history are added, such a plan 
as just stated becomes imperative. The addition of hypertrophy of the 
heart places the patient in a category of definite diagnosis and indications 
for management become immediately apparent. 
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The neuroses which occur in military personnel will be considered in 
this paper under the following topical headings : 

1. Scope of the Problem. 

2. Clinical Syndromes. 

The Traumatic Neuroses. 

Other Psychoneuroses. 

3. Factors Which Tend to Precipitate a Psychoneurosis in Military Personnel. 

4. Psychopathology of Neuroses in Military Personnel. 

5. Treatment. 

Prophylaxis. 

Induction Center. 

Establishment of Morale. 

Need for Prompt Therapy. 

Therapy of the Acute Neuroses. 

General Measures of Therapy. 

Special Procedures and Techniques. 

Group Psychotherapy. 

G. Prognosis. 

7. Results of Treatment. 

8. Rehabilitation of the Neurotic Service Man After Discharge. 

1. Scope of the Problem. Psychoneurosis occurring in military per- 
sonnel was recognized as a major problem in military medicine in World 
War I®* and has grown in importance with the progression of the present 
war.-''*''®®’®- Miller,®^ Kardiner,®* Gillespie®® and, more recently, Mira®® 
have dealt intensively AUth the problems attendant with psychoneuroses 
in wartime. The monograph by Kardiner®® stresses the chronic traumatic 
war neuroses and has given us a careful study of these cases from World 
War I. The hook by Miller and his collaborators®^ is based to a large 
extent on World War I e.xperience, as judged by present-day concepts. 
Mira®® has written of liis Yvork in the Spanish Republican Army. Further, 
if available, the restricted monograpli by Grinker and SpiegeP® on War 
Neuroses in North Africa Yvill be found to contain much valuable clinical 
and practical material. In general most authors agree that the war 
immosis represents a special case of a generalized type of beliavior and 
signifies a failure of adaptation.”® The primary reagents are the indi- 


* Now on actii’e service. 
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vidual constitution and the environmental set-up of the moment; further, 
it seems fairly clear that processes resembling conditioning occur in man 
as well as in experimental animals, and that neurotic states have their 
own djmamicsd^^ The unusual factor regarding war neuroses has not been 
the tjTDe or form of the reaction, since there have been no new clinical 
entities produced,*® but it is the fact that this war has demonstrated, in 
the acute war neuroses, that men who have been considered normal may 
develop neurotic manifestations when placed under excessive fatigue, 
strain, or emotional upheaval.®”’'*®-®* However, some writers hold that, 
without a predisposition, circumstances however bad, do not produce a 
neurosis.*®’*®’’** The tendency toward failure and breakdown has to be 
regarded quantitatively: in some, it is small and needs considerable 
stress for its manifestation ; in others, it is stronger and becomes manifest 
on slight stress.**’*®’^*’**® The individual constitution determines the form 
and severity of the neurosis; the momentary environment determines the 
time of manifestation and to a lesser extent the severity and even the form 
of the symptoms. Hypochondriasis, depression and anxiety seem to be 
of all the neurotic symptoms those most directly related to exogenic fac- 
tors and those which can be most reasonably regarded as a general human 
weakness, and there are certain circumstances under which it would be 
abnormal not to be afraid, or depressed, or preoccupied.**® Military stress 
has a special tendency to produce anxiety symptoms and some authors®® 
feel that the stress can so outweigh the individual personality factors that 
a heterogenous group of men under the same severe stress can produce 
remarkably similar s;^Tnptom pictures. 

In the neuroses which develop in military personnel under non-combat 
conditions, personality factors and predisposition play a large r61e. Care- 
ful study of these psychoneuroses reveals that in practically e^'■py 
case the true onset of the disorder took place sometime before enlist- 
ment or induction.®® And although the men who went through severe 
stress before developing a neurosis do represent a selection for greater 
constitutional stability, the signs of a neurotic makeup are still to be 
found (for example, 45 % of one such group had a positive family history).*’® 
In a pre\dous paper®® appearing in this section, it was possible to cite statis- 
tics from several articles on the incidence of positii-e social history and 
background data in all neuropsychiatric casualties, combatant and non- 
combatant, and also in soldiers who broke dovoi only after active duty. 
The significant factors predisposing to neurotic breakdown are:®®'®® 

1. Age. The older age group showed a higher incidence of neuroses. 

2. Previous hospitalization for mental illness or previous treatment by a 

psj’chiatrist. 

3. Previous antisocial behavior. 

4. Poor adjustment in school. 

5. Poor occupational adjustment. 

6. Positive family history (“broken home,” mental illness in immediate 

family, poor economic status). 

7. Cerebral concussion. 

In almost all papers*’®’*®’*®’’*®-’*®’^’^'*’®'*’'*®’"®’®®’**®’**’* the factor of predisposi- 
tion is considered. The conclusion reached by all was summarized in a 
statement of the Surgeon-General: The Army is one of the elements of 
national defense, and its present mission is one of preparation for an 
offensive-defensive type of warfare. It is in no sense a social serrice or 
a curative agency. It is to be considered neither a haven of rest for 
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wanderers nor a corrective sehool for misfits, ne’er-do-wells, feebleminded 
persons or chronic offenders. Furthermore, it is neither a gymnasium for 
the training and development of the undernourished or underdeveloped 
nor a psychiatric clinic for proper adjustment to adult emotional develop- 
ment. Therefore, there is no place within the Army for physical or mental 
weaklings, potentially psychotic or prepsychotic persons or behavior 
problems. Men who present behavior problems in the civilian community 
will certainly present intensified problems in the service.^^ 

However, there are as yet no definite criteria for the rejection of men 
suspected of being predisposed to acute traumatic neuroses.^®^ The most 
careful studies have not revealed a personality structure common to these 
cases, and it is our belief that the psychologic mechanisms associated 
with the traumatic neuroses are so fundamental as to be present in all 
men ; hence, as a corollary,’ the precipitating force lies in the personality’s 
environment and is thus to some extent controllable.'®^ The ordinary 
psychiatric problems of peacetime also occur in the setting of war, and 
are colored by the war, and here the backgrounds are those of the usual 
psychoneurosis: childhood insecurity, parental rejection, faulty inheri- 
tance, early evidence of maladjustment and immaturity.'®' 

2. Clinical Syndromes. The Traumatic Neuroses. It must be stated at 
the outset that many vniters do not agree to the separation of the trau- 
matic war neuroses as a distinct clinical entity considered apart from the 
psychoneuroses which occur in military personnel under non-combat 
conditions.®’®'"-'®'2®'2'’22.29.«.75.82,92,M.9s.io5.uo.n3,n9 However, many of the 
authors who have returned from actual war experience deal with the 
traumatic war neuroses as a syndrome in which the psychopathology, the 
prognosis, and, to some extent, the symptoms differ from that of the non- 
combat psychoneurosis to such a degree as to place this group under 
separate consideration.''®®-®®'®®’'®'®'-®®'®®-"'' The article by Raines and IColb'®' 
and the discussion by Raines'®® state this point of view well. Further, 
Kardiner,®® studying cases of World War I, attempted to separate his 
cases in a similar fashion. 

To delineate this disorder, the combat neurosis, Raines and Kolb'®®-'®' 
listed the criteria for the diagnosis of an acute war neurosis: (1) a stable 
personality prior to the appearance of the traumatically determined emo- 
tional disturbance; (2) a combat experience of sufficient intensity to make 
it a reasonable precipitating agent; (3) objective evidence of subjective 
anxiety; (4) good recoverability in even a short period of time (3 months) 
with relatively superficial therapy. The sjnnptoms of a traumatic neu- 
rosis can be summarized to include 4 patterns of reaction:'®' (1) The 
repetitious catastrophic nightmares;®®'®®''®'®®’'®'’'®®'"® these reenact the trau- 
matic scene, are always accompanied by fear which is often childlike in 
its emotional pattern, and the effect of the fear persists after awakening. 
(2) The startle reaction:®®’®®''®''®'-'®®'"®'"' sudden loud noises, day or night, 
produce a sudden start and also physiologic e\ddence of anxiety-tremor, 
dilated pupils, sweat, dry mouth, flush or pallor, palpitation of the heart— 
and may even give an actual panic reaction. (3) Subtle personality 
change:®®’'®-'®'’'®®'"® the patients become morose, silent, sullen, irritable, 
intolerant of noise or argument, show vacant staring expression, frequently 
resort to alcohol and frequently are a disciplinary problem; as might be 
expected, this third symptom is a very variable one. (4) A reaction of 
guilt accompanied by emotional depression:'®-'®*'"' this is frequently, but 
not always, present; it occurs often in survivors of disaster in which a 
number of the original group were lost, and, in addition to revealing itself 
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in depression, the sense of guilt also leads to protestations that nothing 
could have been done for those lost and to the careful exposition of the 
survivor's efforts to save others. 

A further characteristic of the combat neuroses is the rapidity with 
which new symptoms appear and disappear.®® It is hard for statistics or 
classifications to reflect this fluidity of the symptomatology.^^® As time 
goes on, without treatment, a more stabilized syndrome results. Potter®® 
defines a traumatic war neurosis as a massive explosion of anxiety or fear 
at a primitive psychologic level, producing a psychosomatic disorganiza- 
tion of the entire organism; it is precipitated by a catastrophic threat to 
the total organism and preceded by psychosomatic tension and fatigue 
for a period during which the subject is both consciously and uncon- 
sciously poised, mentally and physically, for offensive or defensive action. 
Psychosomatic disorganization is reflected in symptomatology related to 
disturbances of the conscious or ego mental functioning; the emotional 
organization; and those somatic structures dominated by the autonomic 
nervous system. The autonomic and psychologic disturbances, in turn, 
provoke secondary anxiety, conscious in natiue, thus creating a widespread 
subjective insecurity which further disorganizes the ego. Finally, the 
conscious anxiety and generalized subjective insecurity, with its concomi- 
tant physiologic and psychologic tension, serves to feed the basic psycho- 
somatic disorganization and to perpetuate the primary physiologic and 
psychologic disturbances.®® Kardiner®® states that the traumatic neuroses 
results from contraction of the executive functions of the ego, and that this 
involves that aspect of ego functioning which deals with the interpretation 
and mastery of the outer world; the patients approached any activity 
with a view in which they appeared utterly helpless and their world 
dangerously hostile. The traumatic neurosis may be superimposed on the 
neurotic background but the two conditions are different and can be 
readily distinguished; later on, in the chronic stages, the two neuroses 
may Irecome fused and difficult to distinguish but they must still be 
treated individually in keeping with their respective psychopathologic 
construction.” 

Other Psychoneuroscs (in which the individual’s personality and not 
combat is the major etiologic agent). Military service furnishes an excel- 
lent medium for the growth and development of a psychoneurosis in a 
susceptible personality.^^'®®’®® The psychoneurosis is thus a pattern of 
adjustment which the person makes to the problem of living in a military 
environment and represents a failure of adaptation within the personality 
which gives rise, o^ving to emotional conflict, to symptoms which may be 
of conscious or unconscious origin.®’®®-®® These neuroses are typical of 
the neurotic illness seen in civilian life,®® except that anxiety, panic statp 
and reactive depression seem to be more common in the service than in 
civilian life.®®-®® There are strong correlations, statistically, between the 
makeup of the personality and the symptoms exhibited in the neurosis.' ’'’® 
These psychoneuroses fall into the usual types seen in civilian psychiatry, 
the most common forms being: (l)the anxiety states, (2) the conversion 
hysterias, and (3) the reactive depressions.'®’®®’®'-®®’®®’®®’®^ In order^ to 
group the acute and chronic war neuroses in a single classification. White- 
head'®' used anxiety as the basic factor and arranged the psychoneuroses 
in 3 groups; (1) neuroses in which anxiety shows itself directly as a 
sjTnptom (anxietj-- states, fear states); (2) neuroses that are defenses 
developed in the indi^^dual against the direct manifestation of anxiety 
(conversion hysteria, compulsions, phobias, hjTDOchondriasis and regres- 
sions to earlier childhood patterns of behavior); (3) neuroses which present 
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the by-products of the struggle between anxiety and the defenses against 
it (neurasthenia, fatigue states, mild depression). 

3. Factors Which Tend to Precipitate a Psychoneurosis in Military 
Service. Almost every article on the non-combat neuroses stress the r 61 es 
played by the individual's own personality background and his constitu- 
tional predisposition. However it is universally recognized that military 
service has inherent factors which tend to precipitate a neurosis. Knight 
and Orr,®’ Billings® and Pignataro®® have all written excellent articles 
discussing these factors. In summary, the factors during the training 
period are: 

1. Separation from home ties. 

2. Anxiety over home responsibilities and family. 

3. Change in habit routines. 

4. Necessity of submission to authority and discipline. 

5. Loss of prestige and other “narcissistic” blows. 

6. Contacts with other men without any privacy. 

7. Guilt over feelings of aggression. 

8. Exhaustion and monotonj'. 

9. Sex deprivation and sex conflicts. 

10. Arousing fears of bodily injury or death. 

The precipitating factors in the combat zone are: 

1. All of the factors of the training period. 

2. Insufficient period of training for combat. 

3. Fear of his own cowardice. 

4. Disappointments and feelings of frustration. 

5. Lack of faith and confidence in leaders. 

6. Increased fatigue. 

7. Increased responsibility. 

8. Poor food and poor sanitation. 

9. Exposure to explosions, blast and gases. 

10. Effects of climate, and of somatic disease. 

11. Repeated narrow escapes following one another in rapid succession. 

The articles dealing rvith these above factors were summarized in this 
section a year ago,®® and since then there have been other articles discussing 
these factors 35.68,62,65.80,101,105,123,124 

4. Psychopathology of Neuroses in Military Personnel. Just as in 
civilian neuroses, anxiety is the important causative factor in the neurotic 
illness.'*®-®^-®®-'®®’’®'' However, the emotional conflict producing this anxiety 
does have certain factors peculiar to the military situation.®’-®® The 
following are some of the psychopathologic factors which seem to be im- 
portant in the causation of anxiety in military personnel: 

(fl) The Conflict Between Acquired Social Attitudes and the ‘'Instinct” of 
Self-prcservaiionI^'^^-*^'^^'^'‘^-^'° Miller®’ states that frequently the neurotic 
patient had stuck to his duty until the controlling force was no longer 
able to stand up against the insistent demands of an instinct which de- 
manded either an escape from danger or an aggressive outburst. He also 
considers the role of self-love and other emotional conflicts. Williams’®® 
feels that there is first a basic personality structure characterized by self- 
centeredness, overconscientiousness, lack of sociability and lack of’affec- 
tion for relatives and friends. The unconditional demand for self-sacrifice 
in war means a renunciation of narcissistic privileges which these indi- 
viduals cannot do. They have a diminished capacity for external interests 
and emotional ties, and an increased self-centeredness which is expressed 
in the neurotic illness. As Thom'®® says, in order to be adequate and to 
fulfill the purpose of protection for which it is psychologically designed, 
the neurosis allows the soldier to escape from the intolerable situation 
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created by impending danger and to accomplish this without loss of self- 
respect. 

(6) The Traumatic Factor.^^ Often the traumatic experience is one 
which serves to precipitate a psychopathologic reaction through the 
activation of preexisting but hitherto latent psychopathologic factors. 
In certain cases it is possible to detect a very high degree of specificity in 
the traumatic experience. 

(c) The Factor of Infantile Dcjmndcnce?^ Fairbairn®* feels that there is 
a close relationship between the development of a war neurosis and the 
persistence of infantile dependence. This has also been found present 
in cases of malingering.'^® The neurotic symptoms are seen as essentially 
either effects of, or defences against the conflicts attendant upon a per- 
sistent attitude of infantile dependence in the emotional sphere. This 
gives rise to a common basic symptom of separation-anxiety; the soldier 
becomes ill because he craves to go home. Further, the capacity to 
endure danger varies with the extent to which the individual has outgrown 
the stage of infantile dependence. This factor has been recognized also 
in articles by Flicker and Weiss®^ and by McKerracher.®® The latter 
author®® -writes that so active is the protective mechanism of the neurotic 
that some wag has translated D. A.H. to mean not “ disordered action of 
the heart,” but rather, “desperate affection for home.” Fairbairn®^ feels 
that much of the symptomatology of the neurosis is the expression of the 
compulsiveness of the desire to return home. 

{i) The Factor of Identification?'- By identification the individual tends 
to identify himself emotionally with, and pari passu fails to differentiate 
himself from those on whom he depends. The original identification of 
anyone is wth his mother (and later his other parent and parent substi- 
tutes). When emotional development is satisfactory, there is a progres- 
sive decrease in identification, accompanied by a progressive increase of a 
capacity on the part of the indi-vidual to differentiate himself from emotion- 
ally significant figures. Emotional maturity is consequently character- 
ized not only by a capacity to sustain relationships Avith other individuals 
on a basis of mutual independence but also by a capacity to contract fresh 
relationships. These capacities are deficient in the individual who fails 
to outgrow the stage of infantile dependence. Hence such a person, when 
placed under military conditions, finds it too difficult to establish himself 
as a separate personality within the framework of the military organiza- 
tion, subordinate himself to the aims of the military group without any 
surrender of individuality, and maintain stable emotional bonds with the 
group while remaining differentiated from it. On the other hand, he also 
usually finds great difficulty in either establishing or maintaining a reliable 
relationship with the military group on the basis of identification. This 
is due, of course, to the fact that his identification with his home and his 
loved ones proves too strong to admit of a competitor; and it is to the 
strength of this identification to his home and loved ones that above all 
the development of a war neurosis must be attributed.®^ 

(e) The Factor of Morale?'- In the case of the “normal” soldier, acute 
anxiety occurs only when the bonds uniting the group as a whole are 
dissolved. Each quondam member of the group becomes thus deprived 
of the support both of his fellow-soldiers and of the military group as a 
whole, and is relegated to the status of an isolated individual facing the 
combined strength of a hostile force without any support. Confronted 
with such a perilous situation, the soldier may be assailed by panic. 
Thus, even a “normal” soldier may develop a Avar neurosis, albeit a tran- 
sient one, in circumstances in which morale becomes impaired. Further, 
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the existence of a high state of morale Avithin a group can exercise a pro- 
found influence in counteracting the ill-effects of infantile dependence 
among its members. However, in the case of a neurotic soldier, separa- 
tion-anxiety may occur even when the bonds uniting the group as a whole 
remain intact. This means, of course, that the bonds uniting the neurotic 
soldier to the military group are unduly slender and precarious, because 
he has retained from childhood an excessive degree of infantile depen- 
dence.®^ 

(/) The Super-ego Factors?^ Once the neurosis is established there is a 
remarkable absence of guilt over the evasion of military duty involved. 
The only exceptions to this are in cases with depressive and obsessional 
features; and in the prodromal stage of the war neurosis, Avhere there is 
still real conflict between the desire to return home and the sense of duty. 
What happens is that the neurotic soldier regresses, in a greater or lesser 
degree, to a level of infantile development at which the structure of con- 
science has not yet been organized on a stable basis. The neurotic soldier 
is thus more or less reduced to the emotional state of a child who has not 
yet reached the stage of accepting his parents as authoritative conscience- 
figures and hence he does not regard the military organization as an 
authoritative parental figure to whom he is bound by a deep sense of 
moral obligation. Rather, he begins to regard his officers as "bad” 
parental figures who have no love or consideration for him. At the same 
time he identifies those at home as " good ” parental figures who love him 
and who will look after him if he can only get back to them. Thus he 
becomes consumed by an overwhelming desire to escape from the insecur- 
ity which he experiences at the hands of the "bad” figures — into whose 
clutches he feels that military obligations have delivered him — to the 
security which the "good” figures at home seem, by contrast, to offer 
him.®^ 

Treatment. In order to treat anj' patient successfully, whether in 
civilian or military life, the physician must first understand his owm emo- 
tional attitudes and conflicts; in order to help the physician clarify his 
feelings upon entering military life, Menninger®^ has discussed some of the 
problems in adjustment which he will meet. Further, there are many 
articles Avhi'ch survey the general administrative duties of military psy- 
chiatry,®^’^®’'*^'®^'®^ and others which stress the prophylactic value of a 
competent neuropsychiatric e.xamination at the Armed Forces Induction 
Center.®^-®®''^'*-'^®-"^''®® The factors leading to the establishment of good 
morale have been considered and the following have been found to be 
important.®® ■®® ’''® ’’'® .ns-us.!— 

1. Adequate training in order to develop confidence and .skill. 

2. Prevention of fatigue and monotony. 

3. Keeping the men occupied cither in constructive play or useful training. 

4. Giving the men some degree of psychologic self-understanding regarding 
the problems of fear, sex and war motives, 

5. Classification of men to duties chosen according to the mental and emo- 
tional capabilities of the individual soldier. 

6. Elimination of men with manifest personality disorders. 

7. Establishment of group morale fay appreciation of and faith in the ideals 
and goals for which the war is being fought, by setting up clear and simple 
common goals of personal significance to each soldier, by stressing positive 
and not negative drives; love and ideals, not fear and hate. 

S. Provision of adequate diet, rest, medical and personal care and recreation. 

9. Establishment of identification with the group, and loyalty to it and the 
officers. 

10. Personal interest in the men by the officers. 

11. Instruction in psychiatry for general medical and line officers. 
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The use of a mental hygiene, or special training, or rehabilitation unit 
can be of great value when it is properly established and when the staff 
includes psychiatrists, psychologists, vocational guidance officer, occupa- 
tion therapist, and psychiatric social Further, the 

establishment of an out-patient psychiatric service, an adequate consulta- 
tion service, and a Barracks psychiatrist are all worthwhile prophjdactic 
measures.®® 

When we concern om-selves with the actual treatment of a neurosis in 
military personnel the first axiom, and an important one, is to treat 
promptly and as near the site of the inception of the neurosis as is fea- 
sible.®’®®’®®’®^'®®’®^'^®®'™ The second rule is to separate the neurotically ill 
soldier from his healthy comrades as soon as possible in order to maintain 
group morale.®’®’ The third basis of treatment is that the length of stay 
in the combat-zone hospital is kept as short as possible (2 to 21 days),®*-®®® 
in order to prevent the fixation of the protective mechanisms and the 
development of the neurotic personality pattern.”'®® Likewise the medi- 
cal officer expresses optimism and cooperation but is not too sympathetic 
(stern kindness) and he establishes some form of work program as soon 
as possible.®’®® 

As to the actual therapy which should be carried out promptly on the 
acute combat neuroses, there are two basic principles: (1) the giving of 
complete physical and mental rest;®®’®’’®®’®®’®®’®®’®®’®®®’®®®’®®’’®®®’®®®’®®® (2) the 
restoration of normal body metabolism and nutrition.®’’®®’®®’®®’®®’®®’®®®’®®®’”® 
The rest is given in bed, with maintenance of adequate bodily warmth, 
and with sedation in sufficient amount to secure deep sleep of at least 
10 hours’ duration and sometimes extending for 48 hours.’®® Sedatives 
which are used are the intravenous barbiturates, or paraldehyde by 
mouth or rectum, or sodium amj'tal by mouth.®®’®®®-®®® This deep sleep is 
often followed by 1 or 2 days of milder sedation.®®® 

The normal body metabolism and nutrition is restored by use of food 
and fluids in large amounts, the use of intravenous fluids and plasma.®®-®®® 
If necessary, continuous sleep treatment can be used also.®®-®®® An impor- 
tant, factor is weight loss and progress can be judged by its restoration.®®® 

After the patient has recovered from his exhaustion, then the psycho- 
therapeutic measures can begin : these include in the early stages the use of 
reassurance and support,®® catharsis,^®-^’-®®-®®-®®®-®®’ hypnoanalysis®®-'®’-®®-®®-®®’ 
and narcoanalysis.'* ’®® .127 

Catharsis allows for emotional desensitization of the patient to the 
traumatic experience, and regardless of the improvement gotten by rest, 
this desensitization should be begun immediately thereafter.®®® It consists 
simply of encouraging the patient to tell of his combat experience in an 
atmosphere of mutual understanding and respect.®®® It gives release from 
obsessive waking nightmares, from obsessive guilt feelings and from rage; 
it allows a return to the sensations of real life.®® If hj'pno-narcoanalysis 
is used, it is done for a fourfold purpose: (1) to allow the patient to express 
feelings of which he may be dimly aware yet afraid to express; (2) to allow 
the patient to become aware of feelings rvhich he may have buried so com- 
pletely as to be totally unaware of them but which may nonetheless disturb 
him; (3) to allow the patient to express these deeplj^ buried and uncon- 
scious feelings; (4) to penetrate into the amnesic areas of the patient’s 
psychologic processes in order to “waken” that aspect of the personality 
and those mechanisms of control which were rendered inaccessible by the 
traumatic experiences.®® The recovered material must be fully fused with 
its appropriate emotional content and with normal waking consciousness;®® 
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it is indispensable for cure that the dissociated or repressed thoughts 
be brought into consciousness after the resistances have been broken 
through.'^'®^''*’''® 

After the patient has been evacuated from the combat zone, certain 
other psychotherapeutic measures can be utilized along with the above- 
mentioned ones. Up to this point in the treatment the primary aim of 
therapy was to restore the patient to combat duty, now the primary aim 
becomes one of rehabilitating the patient for civilian life in a productive 
capacity.®® Treatment now proceeds with a carefully taken psychiatric 
history and a complete physical and mental examination, including 
psychologic testing, so that a proper evaluation of the patient’s capabilities 
can be made.®® If possible, a social history*^® with report of the patient’s 
pre-war personality and adjustment are included.^^’™ The patient is 
encouraged to give the onset and development of his illness in utmost 
detail, and this often serves as an opportunity for an out-pouring of pent-up 
emotions.^ In the treatable cases, active psychotherapy is carried out 
by attempting to explain the natiue of the illness to the patient. An 
endeavor is made to concentrate the patient’s attention on the fact that 
his state is the result of normal fear in a sensitive individual, and that in 
his endeavor to control that normal fear by calling up forces by sentiment, 
self-respect, social tradition, or morale, he has displayed courage rather 
than cowardice. Care must be taken not to appear too sympathetic and 
while reassurance and explanation are helpful, the patient must be made 
to realize that he is expected to recover and that ultimately he himself 
must climb back to the manhood level from the infantile level to whichbe 
has, for the time being, regressed.--®'-®^ Further, occupational therapy, ““ 
vocational training and educational training are all useful tools.^-^^'®®'’'®-^^’ 
Recreational therapy through both individual and group games and sports 
is of value;®®-'-’ this recreation should be largely the result of the patient’s 
own efforts (a concert by patients is better than a movie).’'* In those 
patients who are not accessible to ordinary psychotherapy, shock therapy 
is used; electric shock therapy,*®®-*®® modified insulin therapy,*®®-*®®-*’® 
and the usual insulin treatment.®® Often the shock therapy is discontin- 
ued as soon as the patient becomes accessible to direct psychotherapy.®-*®’ 
Sometimes many of the phenomena of the acute war combat neuroses 
appear to be acute states of partial dissociation, which precipitate the 
patient into a waking nightmare from which he cannot be aroused; such 
patients can be made accessible to contact by ins\ilin therapy or electric 
shock treatment and the methods should be used as soon as* the state is 
recognized and before it becomes chronic,®® In the excitements, prolonged 
sleep under continuous narcosis may be helpful,®®-*®® although the results 
ha^'e sometimes been disappointing.*’ The sleep must be deep so that it 
is not disturbed by nightmares or obsessional horror reveries, and it is 
sustained for several days, maintaining at least 20 hours sleep in each 
2-1-hour period but allowing the patient to be roused for meals, fluids and 
elimination.®® Psychoanalysis of a war neurosis is used but it should not 
i)e undertaken unless one is prepared and competent to complete the ther- 
apy and to unearth the nucleus of the underlying, formerly latent psycho- 
neurosis.® 

The use of group psychotherapy is becoming more and more prevalent 
in the treatment of the war neuroses,®® and seems to be applicable to a 
large per cent of the cases.®® Several fairly comprehensive articles have 
appeared on this method of therapy .*o-*’ ®®-®®-*>® and the e.xact technique 
used varies with each author. There is a general agreement in the litera- 
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ture that individual psychoanalytic procedures do not fulfill all the thera- 
peutic needs of the patient;^®-®®’*°“'*®®'“* all those problems and conflicts 
which come roughly within the domain of the social super-ego do not 
seem to get properly worked out.”* One of the main distinctions in 
treatment implied in group therapy is the introduction of a didactic 
element.*** The basic plan for a group therapy program consists of; 
first, preliminary diagnostic and therapeutic interviews with each indi- 
vidual patient; then a course of several lectures given to the group by the 
physician during which various methods of participation by the group in 
the discussion are used; individual interviews given to most of those 
patients who do not show satisfactory improvement during group treat- 
ment. 

Prognosis in the Neuroses Occurring in Military Personnel. There are 
several factors which favorably influence the prognosis in the war neuroses: 

1. The sounder the integration of the premilitary personality, the better the 
prognosis.*’® 

2. The more severe and continuous the combat experience before the break 
occurs, the better tbe prognosis.''*^ 

3. The more marked the exhaustion, deprivation, and in general the somatic 
factors, the better the prognosis,"® 

4. Prognosis is better in the anxiety neuroses and conversion hysterias than 
in the neurasthenic-hypochondriacal states and the obsessive-compulsive 
reactions."® 

5. Prognosis is better when the man has a certain period of time in which to - 
"digest” the emotional turmoil of one traumatic experience before being 
exposed to another.*®* 

6. Prognosis is better when the psychiatrist is able to transfer a man from one 
unit to another on psychiatric grounds, to arrange his allotment to duties 
particularly suited to the man, and to recommend him for a station in the 
neighborhood of his own home.®®-"® 

The prognosis in the neuroses of war is unfavorably influenced by the 
folloudng factors : 

1. The longer the time elapsing between the occurrence of the casualty and 
the initial psychiatric aid, the worse the prognosis."® 

2. Beymnd a certain area, the farther a casualt 3 ’^ is removed from the zone of 
combat, the poorer the prognosis.'®*-"® 

3. All symptoms are liable to be aggravated in tbe presence of loved ones, 

friends, relatives, spouse, or family. In such a situation the traumatic 
anxiety attaches to the emotional ramifications of family life and may 
become irreparablj' fixed.*®* ; 

4. The prognosis is poorer if the "war neurosis” becomes incorporated with 
any underlj’ing emotional conflict, or mental deficiency, or incipient 
psychosis, or organic brain damage.*®* 

а. The prognosis is poorer in patients with a poor heredity, or with unfavor- 
able personality traits before service, or with constitutional predisposition, 
or with difficulty in adjustment prior to service, or with strong resentment 
of military' serr'ice.®*-®’ 

б. Recovery is consciously' or unconsciously resisted, since this means a return 
to the rigors of duty.® 

7. Treatment is free; a patient makes no financial sacrifice; he need con- 
contribute nothing toward his cure; therefore, the treatment has “no 
value" to him.® 

5. It is difficult to effect a permanent or personal relation between physician 
and soldier because of frequent change of station by both. A feeling of 
permanence or a sense of follow-up responsibility is missing.® 
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9. A patient goes through the hands of many diSerent physicians and their 
varying points of view.^ 

10. The soldier feels he is being treated by the same agency responsible for his 
plight.^ 

11. Negative suggestion by other patients.^ 

12. The presence of secondary gain in the illness through pensions and com- 
pensation which continue in effect so long as and only if the neurosis con- 
tinues.®’^’®®’’^’^® If any compensation is given to neurotic patients it 
should be on a one-lump-sum basis. 

Results of Treatment. The statistics on the per eent of the various 
types of psychoneuroses who return to full duty or are returned to limited 
service are probably unavoidably unreliable because psychiatrists in the 
forward area and even in the general base hospitals have almost no oppor- 
tunity to follow up their cases with sufficient accuracy and over a long 
enough period of time.''^ Further, it is difficult to judge the therapy on 
the basis of the per cent returned to duty because it depends greatly on 
the type case with which the psychiatrist is working. However, in 
Table 1 we have compiled the results of treatment as given in the literatiue. 
In addition, Smith”^ reporting on cases from Guadalcanal said that very 
few of the patients would be able to return to combat duty and only 10 to 
15% would be able to return to limited duty. Sutherland^® in 1941 
reported only 9 % of Jiis patients as fit to return to full duty after treat- 
ment at a neurosis center. In contradistinction to this, we have had 
recent reports of 60 %, and even 75 % of the war neuroses treated in the 
combat zone returning to duty.^®® 

Rehabilitation of the Neurotic Service Man After Discharge From Ser- 
vice. There have been encouraging steps taken toward the handling of 
this problem within recent months. The formation of a Division of 
Rehabilitation by the National Committee for Mental Hygiene, and the 
increasing awareness of the United States Employment Service in this 
problem, and the formation of rehabilitation clinics in New York and 
iMassachusetts, with plans for other such clinics in Wisconsin, Connecticut, 
Vermont and Colorado — all of these are extremely favorable signs. How- 
ever, there exists a need for national planning for psychiatric rehabilitation 
and this is the service which Rennie is beginning to supply.’®® The 
Barden-LaFollette Vocational Rehabilitation Amendment was approved 
by the President on July 6, 1943, and makes the mentall;v disabled, as 
well as the physically disabled, eligible for rehabilitation.’®® Rennie’®® 
feels that there are 5 major needs existing in regard to adequate psychiatric 
rehabilitation; these are: (1) the scarcity of psychiatric help available; 
(2) the time-lag between discharge and beginning of treatment; (3) the 
need of a total psychiatric and physical survey for these men; (4) the 
need for community cooperation in this endeavor; and (5) the need for a 
closer liaison relationship with the Army and the rehabilitation agencies. 

The role of the psychiatric social worker in rehabilitation is a major one 
and has been recognized,*’® There have been a few articles®^’’®® in the 
literature on a rehabilitation program for the discharged soldier; those by 
Sommer and Weinberg,”® Rickies,’®’ Preston®® and Pratt®® are good. 
That the soldier discharged on account of neurotic illness needs such a 
rehabilitation program is shoum by the English survey which revealed 
that in 120 soldiers discharged with a diagnosis of psychoneurosis, 50% 
10 ^ unsatisfactory social adjustment in civilian life;’® further, 

1~% of them were unemployed and 51 % of those employed earn less than 
they did before enlistment.’® 
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Factors Affecting the Determination of Oxygen Capacity, Content, and 
Pressure in Human Arterial Blood. F. J. W. Roughton, R. C. Darling, 
and W. S. Root (Fatigue Laboratory, Harvard Univ. and Dept, of Physi- 
ology, College of Physicians and Surgeons, Columbia Univ.). The per- 
centage saturation of the arterial blood is usually obtained by dividing 
the O2 content, as determined gasometrically, soon after the sample is 
withdravm, bj' the O2 capacity determined some time (often an hour or 
more) later. We have no changes to suggest in the Van Slyke deter- 
mination of O2 content, but we have found 3 factors all of which cause the 
oxygen capacity of blood, as determined by the usual method of rotation 
with air in a tonometer, to be greater than its presumed value in xiw 
before withdrawal from artery or vein: 
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1. The blood which drains to the bottom of the tonometer, when this 
is stood up for withdrawal of the sample for analysis, contains a slight excess of 
hemoglobin, owing to the fact that plasma sticks to the walls of the vessel better 
than do red cells. This has been proved by direct analysis of the Hb and total N 
of the dregs. 

2. Normal human blood (especially that of smokers) contains traces of COHb, 
which dissociate to a very slight extent during rotation with air. The effective 
O 2 capacity hence increases correspondingly. Under average conditions these 

2 factors cause a total apparent increase equal to about 0.8% of the total capacity. 

3. Reversion to normal hemoglobin of some of the 3% (average figure) inactive 
fraction of hemoglobin established to be present in normal human blood by Ammund- 
sen (/. Biol. Chem., 138, 563, 1941) and ourselves. The extent of the reversion 
varies unpredictably but averages 1 to 1.5% of the total hemoglobin. 

The sum of the 3 effects would be expected to be about 2%, which 
would raise the average figures for the per cent OjHb in arterial blood from 
95 to 97, at sea level. The p02 corresponding to 97 % 02Hb is 98 mm., if 
read off from a standard dissociation curve; this value is verj^ close to the 
average figure for the alveolar p02 of normal man at sea level. We believe 
that the previously claimed differences of 20 mm. Hg betu'een alveolar air 
and arterial blood at sea level are in error, through inattention to these 

3 factors. In view of the difficulty of allouang for these factors satisfac- 
torily in given instances, it seems doubtful whether the continued use of 
the dissociation curve for determining arterial p 02 at sea level is desirable; 
this caution does not, however, apply to experiments at altitude, where 
the per cent 02Hb is below 85, since in this range an uncertainty of 2 % 
02Hb only affects the determination of p02 to the extent of 2 to 3 mm. 
For sea level determinations of arterial pO^ it would seem that wider use 
should be made of aerotonometer methods. 

Owing to the smallness of the reversion effect we have as yet no data as 
to the nature of the hemoglobin compound involved (c. g., is it in whole 
or in part methemoglobin?) nor do we know how it varies in exercise, 
acclimatization to high altitudes and pathologic conditions. 


Spectrophotometric Observation of Circulating Blood in Vivo, and the 
Direct Spectrophotometric Determination of the Saturation of Hemoglobin 
in Arterial Dog Blood.* David L. Drabkin and Carl F. Schmidt 
(Depts. of Physiological Chemistry and Pharmacology, Univ. of Penna.). 
Uncertainty exists at present concerning the degree of saturation of arterial 
blood at sea level. The usual gasometric technique for determining the 
percentage of saturation of hemoglobin with oxygen is indirect. Two 
separate analyses, oxygen content and oxygen saturation, are required. 
{Oxygen content /oxygen capacity) X 100 gives percentage saturation. Sev- 
eral criticisms of this procedure may be made. Uncertainty in percentage 
saturation of arterial blood leads to uncertainty in the value of its oxygen 
tension, usually read off from previously determined oxygen dissociation 
ciirves, which relate saturation to tension. The portion of the dissocia- 
tion curve which applies to arterial blood at sea level is asjmiptotic, so 
that 2 to 3% difference in saturation corresponds to a difference of 20 to 
30 mm. in oxygen tension. In seeking additional information upon arterial 
saturation, we have turned to the spectrophotometric analysis of arterial 
blood. The optical technique is particularly appropriate for the direct 
quantitative determination of 2 or more species (in the present work, 
IIb02 and Hb) in a solution. ’ 

* "Work done under contract with the Office of Scientific Hcscarch and Development. 

VOl., 20 s, KO. I — JCLT. 1914 5 
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The continuous direct spectrophotometric observation of circulating 
blood in vivo has been successfully carried out. For this purpose the 
Drabkin and Austin special cuvette of 0.007 cm. depth was used. The 
cuvette was intercalated in the femoral artery of nembutalized dogs, 
arranged upon a board beneath the optical bench of the spectrophotometer. 
Clotting was prevented by previous intravenous injection of Pontamine 
Fast Pink and periodic injection of heparin. 

A homogeneous circulation of the diverted blood flow through the very 
thin cuvette chamber was maintained, permitting visualization up to 
periods of 4 horns. The passage of blood through the cuvette was pulse- 
like in character (synchronous with the pulse). This did not interfere 
with spectrophotometry. The arrangement of connections from the 
artery to cuvette provided for arresting of flow through the chamber, when 
desired, and bypassing it through a second channel to the artery. This 
permitted periodic trapping of samples at opposite phases of the respiratory 
cycle. In these particular experiments a tracheal cannula was employed 
for quickly changing from room air to 100% or 10% oxygen. Samples 
of blood were also removed for erythrocyte count and for independent 
spectrophotometric analj'^sis of hemoglobin by the usual technique with 
the 1 cm. cuvette upon diluted, hemolyzed blood as Hb02, Hb (HbOz re- 
duced by Na 2 S 204 ), and total pigment by conversion to hlHbCN (cyan- 
methemoglobin) . 

Due to the presence of the anticoagulant dyestuff and lack of informa- 
tion concerning its level of maintenance in the blood stream, some uncer- 
tainty exists in the extrapolation of the true spectra from the data obtained 
in the turbid state. However, reliance may be placed upon a direct com- 
parison of the extinction data obtained under varying conditions, and the 
agreement of results with those found upon hemolyzed^ blood, reported 
below. In the circulating blood, the concentration of pigment remained 
relatively constant (order of 5%) over a period of several hours. The 
percentage saturation was maintained at a level of 97 to 98 %, assuming 
complete saturation under exposure to 100% oxygen. Samples trapped 
at “end expiration” showed a lower saturation (order of 2%) than cor- 
responding samples (taken within several minutes), trapped at “end 
inspiration.” The respiratory rate of the nembutalized animals was 10 
to 12 per minute. 

To avoid the use of Pontamine Fast Pink and timbid suspensions, 
thereby assuring full precision of spectrophotometric measurement, the 
following procedme was adopted. Small (6 to 15 ml. capacity) tonometers 
were employed as collection vessels. A solution containing 30 mg. of 
oxalate and 50 mg. saponin (to take care of approximately 4 ml. of blood, 
the size of the usual sample) was evenly air dried on the walls of the 
tonometer. The blood from the femoral artery of nembutalized dogs was 
delivered through a cannula and gum rubber connection, without contact 
with air, into the tonometers over clean mercnry. The blood samples 
were collected in 3 to 4 spurts to synchronize with inspiration or expiration. 
By gentle shaking the blood was quickly hemolyzed. The hemolyzed 
sample was transferred to the 0.007 cm. cuvette, and spectrophotometry 
was begun within 2 to 3 minutes and completed vdthin 6 minutes of the 
collection of the sample. The overflow of blood in the capillary entry and 
exit tubes effectively seal the chamber, so that oxygenation of the contained 
sample will not occur for periods of time up to 1 hour. 

The rest of the sample of blood was transferred from the tonometer 
into a flat weighing dish. After exposure to air, portions were reread 
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spectrophotometrically in the 0.007 cm. cuvette with and without addition 
of Na 2 S 204 . An aliquot was diluted and determined in the 1 cm. cuvette 
as Hb02, Hb, and MHbCN (see above). Excellent agreement was obtained 
in all analyses. No evidence of the presence of methemoglobin or pigments 
other than Hb02 and Hb could ^e found. The absorption spectrum of 
the original sample, transferred directly from the tonometer to the special 
0.007 cm. cuvette agreed with that expected theoretically for the approxi- 
mate mixture of Hb02 and Hb. The percentage saturation of the sapon- 
ized arterial blood of 4 dogs was high: 98.2 to 98.7 at "end inspiration,” 
95.5 to 96.6 at "end expiration.” 


The Direct Spectrophotometric Determination of the Saturation of 
Hemoglobin in the Arterial Blood of Man.* D. L. Dkabkin, C. F. 
Schmidt, H. D. Bruner, and H. H. Pennes (Depts. of Physiological 
Chemistry and Pharmacology, and the Harrison Dept, of Surgical Re- 
search, Univ. of Penna.). The oxygen saturation of the hemoglobin of 
arterial blood has been determined by direct spectrophotometry in 5 male 
subjects, 17 to 23 years of age, 4 of them normal and 1 a controlled diabetic. 
Four of the subjects were non-smokers, 1 had refrained from smoking for 
a period of 3 days before the experiment. The arterial blood was obtained 
under local anesthesia by the method of femoral puncture, using cut- 
down lumbar puncture needles (with stilus), gauge 19. With the stilus 
withdrawn a free, slow flow of blood w'as thus provided. The needle was 
allowed to remain in the artery for periods of approximately 1 hour, during 
which time periodic samples were drawn, without contact with air, into 
mercury filled, saponized and oxalated tonometers (as described in the 
preceding report). Respiratory data were taken during blood sampling. 

The analytical procedures were carried out upon the saponized samples 
in the manner already described. The arterial saturation proved to be 
uniformly high in all the individuals — 98 to 99.3 %. The influence of the 
respiratory cycle upon the arterial saturation, foimd in nembutalized 
dogs, could not be demonstrated in unanesthetized man. It is concluded 
that the saturation of hemoglobin in the arterial blood of man is at least 
2% higher than the previously accepted value of 95% based upon the 
indirect gasometric technique, and which corresponds to an arterial 
oxygen tension at sea level (read from the dissociation curve) of the order 
of 75 to 80 mm. Hg. Based upon the new value for saturation an arterial 
oxygen tension of the order of 95 mm. may be expected. 


Normal Human Arterial Oxygen Tension.* Julius H. Cojiroe, Jr. 
(Dept, of Pharmacology, Univ. of Penna.). No agreement exists in the 
literature in regard to normal o.\-ygen tension in human arterial blood; 
figures as high as 99 and as low as 63 mm. Hg have been recorded and the 
generally accepted figure is 70 to 80 mm. Hg. 

The present measurements have been made using the follouang tech- 
nique: 15 cc. of arterial blood, collected anaerobically in a syringe and 
heparinized, are equilibrated with 20 to 40 c.mm. of alveolar air for 
10 minutes at 37° C. During this period the blood and gas tensions 
equalize. The giis is then transferred to a Scholander microanalvzer and 
the oxygen percentage and tension determined. The error of the method, 

t Worli done under contrnct -nith the Office of Scientific Research and Development, 
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determined by analyses of equilibrated bloods of known gas tension is not 
more than 4.5 mm. Hg. 

Thirteen subjects have been used: the arterial oxygen tensions varied 
from 83 to 100 mm. Hg and the average tension was 93 mm. Hg. These 
direct measurements indicate that the arterial oxygen tension is consider- 
ably higher than heretofore believed, and cast serious doubt upon the 
accuracy of indirect calculations of O 2 tensions (using arterial pH and 
O 2 saturation as determined by the Van Slyke manometric method) 
especially when the tensions are in the 65 to 100 mm. range, corresponding 
to the flat portion of the dissociation curve for oxyhemoglobin. 


Preliminary Studies on Respiratory Gas Mixing With Nitrogen as a 
Tracer Gas.* J. C. Lilly and T. F. Anderson (Jolmson Foundation, 
Univ. of Penna.). A new instrument, the nitrogen meter, is described 
briefly. The device continuously and rapidly records the mol fraction of 
nitrogen in mixtures of respiratory gases and will accurately follow a change 
of composition occurring in 0.02 second. Records taken on oxygen equip- 
ment at altitude are presented. A method of determining the effective 
gas mixing volume of the human respiratory system is described. The 
subject breathes pure oxygen long enough to clear his lungs of nitrogen. 
Next he is connected to an electrical respiratory volume recorder and the 
nitrogen meter, and breathes air. The resulting nitrogen record in the 
expiratory phase shows an initial plateau of about 70 to 125 cc. due to 
expired air diluted with water vapor, a relatively rapidly falling portion of 
about 100 to 150 cc., and a final plateau for the rest of the expiration. The 
final plateau continues at the same nitrogen concentration found in a 
normal expiration even wth a maximal expiration. From these records 
the total amount of nitrogen inspired and the total amount expired have 
been calculated; from the difference between these 2 amounts and the con- 
centration shown on the plateau the lung volume available for mixing is 
calculated. The residual volume and maximum lung volume also have 
been determined from these records. The method has given consistent 
results on 5 subjects. Possible clinical research applications are mentioned. 


The Diffusion Constant of the Lung. F. J. W. Roughton (Fatigue 
Lab., Harvard Univ. and Dept, of Physiology, Coll, of Physicians and 
Surgeons, Columbia Univ.). On the Diffusion Theory of gas exchange in 
the lungs, the volume of O 2 (cc.) which can pass through the lung per 
minute = ApOa X DOa (1) 

where ApOa is the average O2 pressure difference (mm. Hg) between the 
alveolar air and the blood in the lung capillary. DOa is the diffusion 
constant of the whole lung to Oa. ' 

PO 2 is calculated from the alveolar p02, the arterial pOa, and the mipd 
venous p02 by Bohr’s method of graphic integration (SIcand. Arch. Physiol., 
22, 261, 1909). DO 2 is obtained from D CO, the corresponding constant 
for CO as measured by Krogh's method {J. Physiol., 49, 271, 1915). Its 
value, in different individuals, ranges from 25 to 50 at rest and from 30 
to 70 at work. It is not affected by acclimatization to high altitudes 
(Harrop, Proc. Soc. Exp. Biol, and Med., 19, 279, 1922). 

* Work done under contract with the Office of Scientific Research and Development. 
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The applicability of equation (1) to work at low oxygen pressures fur- 
nishes the most crucial test of the Diffusion Theory; but unfortunately a 
survey of the literature (including especially the reports of the various 
physiologic expeditions to high altitudes) reveals only one pair of experi- 
ments in which all the necessary data are available. Asmussen and Chiodi 
(Am. J. Physiol, 132, 426, 1941) in their work experiments at a simulated 
altitude of about 20,000 feet (breathing N 2 -O 2 mixtures) give the following 
figures: O 2 uptake per minute = 1600 cc., alveolar p02 = 45 mm., arterial 
p02 = 45=>=2 mm., mixed venous p02 = 29 mm. 

From these data I calculate that Ap02 could not have exceeded 8 mm. 
at most; its exact value depends on knowing the arterial p 02 precisely. 
For equation (1) to hold DO 2 must have been at least 1600 -f- 8, i. e., 
200 — a value 3 times greater than the highest to be expected from Krogh’s 
values for D CO. Either the Diffusion Theory is inadequate or the 
D CO determinations are much too low. 

Haldane (Physiol Rev., 7, 363, 1927) has questioned the validity of the 
D CO method on the ground of incomplete mixing of CO in the alveoli. 
In recent data on the rate of CO uptake when breathing air containing low 
per cent CO (Forbes, Sargent and Houghton, unpublished) we have, 
however, found values in the same range as those of Krogh. Since our 
experiments lasted many minutes, incomplete lung mixtiue could hardly 
have been a factor. 

Another possibility is the one I advanced 20 years ago (Ph.D. Thesis, 
Cambridge, 1925), namely, that the assumption of zero back pressure of 
CO in the blood during the D CO experiments may be in error oudng to 
the slowness of combination of CO in the red cells. On this basis the 
values of D CO would be too low. My calculation distinctly favored this 
hypothesis, which has now been put on a more experimental basis by our 
comparisons (Forbes and Roughton, unpublished) of the rate of uptake 
of CO from air and from O 2 at rest and in hard work. (The rate of chemical 
reaction of CO with hemoglobin varies inversely as the O 2 pressure [Rough- 
ton, Proc. Roy. Soc., B, 115, 473, 1934] and hence the back pressure of 
CO in the blood should be much greater when breathing O 2 than when 
breathing air.) At rest the substitution of O 2 for air had no effect on the 
rate of CO uptake but in hard work it led to a 40% reduction in the 
initial rate of CO uptake. These data suggest that the values of D CO 
at rest are correct (the back pressme of CO being negligible), but in hard 
work reqmre raising by a factor of the order of 20%. Even so, a large 
gap remains to be closed before the results of Asmussen and Chiodi can 
be explained on the Diffusion Theory. Further work on these lines is 
therefore planned. 
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The mechanism of shock is not completely understood. One of its 
recognized plienomena, however, is the reduction of the circulating 
plasma volume, due to either circulatory changes or to loss of plasma 
(local or into the tissues). In the latter case reduced plasma volume is 
associated with hemoconcentration."* Any attempt to rectify the 
decrease in plasma volume with or without hemoconcentration is con- 
sidered rational in the treatment of shock. 

Since crystalline solutions raise the plasma volume only temporar- 
ily"''"^ and are thus ineffective, colloidal substances have to be em- 
ployed; the most suitable being human plasma or blood. Since these 
are not available in unlimited quantities, plasma substitutes are being 
developed from macromolecular substances. 

The first of these substances to be widely used was gum acacia"' 
which has been all but discarded because it is deposited in the liver.- '® 
In recent years pectin, isinglass,-® "" and gelatin"' have been 
recommended as plasma substitutes. Within recent months several 
papers on the use of gelatin as a substitute for plasma in the treatment 
of ex])erimental hemorrhagic and traumatic .shock in dogs liavc ajj- 
peared.® '""" The present study deals Avith the results of treatment of 
shock in humans by the administration of gelatin solutions. Gelatin is 
a mixture of various proteins, varying in type and molecular size in 

• Supported by cr-'int from the Upjohn Company, Kalamazoo, Mie)). 
vnL. NO. 2 — AVnr.RT, 1044 
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different types of gelatins, depending upon source and preparation. It 
can be prepared as a non-toxic solution isotonic to plasma and some- 
wliat more viscous than it. Experiments on ruts, rabbits, and dogs 
carried f)Ut at the Ujjjohn llesearch Laboratories'" have deinojistrated 
that tire gelatin solution used in these studies is well tolerated without 
toxic effects. 

Method and Material. The material of this study constitutes 52 patients 
in shock of differing degree and etiology. To evaluate the effect of treatment, 
the severitj’^ of shock Avas classified arbitrarily, because reliable unifoim clinical 
criteria do not exist. The folloAving rough method of estimation is not pro- 
posed as a classification of shock for general use; hoAvever, it appeared useful 
in evaluating the effect of another solution Ave used for the treatment of shock.^- 
Mild. (1) Drop of systolic blood pressure not more than 30 mm. Hg as 
compared Avith the pre- or postshock level. (2) Increase in radial pulse rate. 
Moderate. (1) Drop of systolic blood pressure more than 30 mm. Hg. 

(2) Decrease in A'olume of radial pulse AA'ith increase in rate. (3) Diaphoresis. 

, Severe. (1) Drop of s 3 'sto]ic blood pressure more than 50 mm. Hg. (2) 

Barely palpable radial pulse (“thready”). (3) Cool clammy skin. (4) Resfr 
lessness. 

Profound. (1) Blood pressure unobtainable. (2) Radial pulse unobtainable. 

(3) Rapid respiration. (4) Cold clammy skin. (5) Stupor. (6) Cyanosis. 
Table 1 shoAvs the type and degree of shock in the material examined. 

In each shock patient, a record of the folloAving clinical data Avas made: 
blood pressure, pulse, temperature, respiration and condition of the skin. 

Table 1.— Classification of the 62 Cases of Shock Receiving Gelatin According 

TO E'nOLOGY AND SeVERITA' 

Degree of shock 


Type of shock 

Mild 

Moderate 

Severe 

Profound 

PostoperatiA’e . 

. S 

21 

9 . 

4 

Traumatic . . . . 

. 1 

1 

2 


Hemorrhagic . 
Medical . . . . 


2 

2 

2 


Venous blood Avas obtained and placed in test tubes containing dried heparin. 
A 5% solution of gelatin in normal saline Avas then intravenously administered, 
using the same needle Avith Avhich the venous blood Avas draAvn. The gelatin 
solution used in this study Avas prepared by the Upjohn Company, using a 
purified gelatin made from bone collagen. Calcium gelatinate prepared by 
electrodialysis Avas autoclaA^ed, mixed Avith distilled Avater, sodiuin hydroxide, 
phenjdmercuric borate and sodium chloride, passed through a sterilizing filter, 
and autoclaA'ed again. The final product is a 0.9% sodium chloride solution 
containing approximate^’^ 5 gm. of gelatin in 100 ml. of solution. The pH is 
of phj’siologic range, the A’iscosity about 2 centipoises, and the oncotic pre.ssure 
70 min. of mercurj’ (±5 mm.). The solution is preserved Avith 1:25,000 
phenj’lmercuric borate. Total and non-protein nitrogen Avas determined on 
the final solution. Tests for sterility and for absence of pyrogens Avas carried 
out according to the U.S.P. XII.-^ In a period of 1 J or more hours 1000 cc. 
Avere usuallj' giA'en according to the seA’eritj' of the shock. After infusion and 
24 hours later, blood samples Avere draAvn from the opposite arm and clinical 
data Avere checked. 

In all blood samples the hemoglobin As'as measured Avith the photoelectric 
colorimeter.'^ The sedimentation rate A\’as determined Avith the Wintrohe 
tube, the same tube being centrifuged after an hour for the hematocrit reading. 
The sedimentation rate Avas not corrected for change in red cell concentration. 

* Provided by Roelio-OrKanon, Inc. (Liquaemin) , Nutley, N. .1., and tiio Upjolm 
Company, Kalamazoo, Mich. 
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The density of the plasma as an index of the protein content was estimated 
with the falling drop apparatus of Barbour and Hamilton.® Non-protein, 
protein, and albumin nitrogen were determined by Nesslerization.'* In the 
determination of the total protein nitrogen, as w'ell as of the density of the 
plasma, the gelatin content has to be taken into consideration; further studies 
are planned to elucidate this relationship. The mean corpuscular hemoglobin 
concentration was calculated according to the following formula:®* 

Hemoglobin in gm. per 100 cc. of blood 
Volume of packed cells in cc. pci- 100 cc. of blood 

The normal mean averages 35 % and varies from 33 to 38 %. 

Where a statistical evaluation was made, the t value was determined,*® 
* t = x/s/n. 

X = Mean of difference between the 'determinations before and after gelatin 
administration, 
s = Standard deviation. 

We are indebted to Miss Elizabeth M. Adles for the statistical evaluation, 
indicating the statistical significance of the difference between pre- and post- 
treatment results. Values of t of 2.5 or over are considered to indicate a 
significant difference. 

Results. 1. Incidence of Reacimis. In none of the patients was 
there any evidence of pyrogenic or other untoward reaction to the gela- 
tin administration. In none of them were chills, abrupt rise of temper- 
ature, or complaints of pain noted. A moderate rise of temperature 
(up to 2° F.) was occasionally seen, but could be explained by causes 
other than the gelatin administration (surgery, infections, etc.). No 
hemorrhagic tendencies were apparent. After tlie gelatin infusion, 
whole blood or plasma was repeatedl}’^ given without any complications. 
Some of the patients were under observation for over 1 month after 
gelatin administration and showed no sequel® attributable to the 
administration. 

II. Ilemodihdion. The mean of the hemoglobin, plasma density, 
total protein nitrogen, and hematocrit dropped markedly after the 
gelatin infusion and remained below control value for 24 hours 
(Table 2). The decrease Avas of statistical significance in all instances. 
The hemoglobin decreased slightly less and totid protein nitrogen 
significantly less than the hematocrit. 


Tabi.b 2.— IXF1.VEKCE OP Gelatin A»MiNiSTnATioN (in 52 Patients) on the 

Bi.ooo IN Shock 



Av. vaUicJ' prior 
to Rclntin 

.\v. % chance 
immediately after 
administration 

t 

.\v. % clnuige 
24 hrs. after 
administration 

t 


ndministratiori 

of Rclatin 

value 

of Rctatin 

value 

Hoinntocril 

•14% 

-21. S 

16.7 

-15.8 

9.9 

Hemoplobiti . 

1.3 r gm./% 

-17.9 

14.6 

-12.4 

10.3 

Protein nitrogen . 

G 7 gm./% 

- 9.8 

7.0 

— 5.4 

3.2 

Plasma density . 

6 97 pm.1% 

— 12 .2 

14.1 

- 9 2 

9.9 

Non-protein nitrogen 

.3I,7mg./% 

+ 4.5 

i.r> 

-f 0.18 

1 0 


The decrease in the above factors varied in degree in different 
patients, llematnerit, hemoglobin, and plasma density dimini.shed in 
all patients immediately after tlie gelatin infusion, wberea.s the protein 
nitrogen increased in (i ease.s. After 24 hours, there wen' inerea.ses 
in hematocrit, hemogloliin, and plasma density above the control level 
m 1 ease each, and of the protein nitrogen in 1 1 case.s. Tlie albumin/ 
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globulin ratio decreased from an average of 1.5 to 1.13 immediately 
after the infusion, the decrease being statistically significant; 24 hours 
later the average rose again to 1.42, however, without statistical sig- 
nificance (Table 3). 


Table 3. — Changes in Sedimentation Rate, Mean ConpuscuLAH Hemoglobin 
Concentration, Albumin/Globulin Ratio, Blood Pressure, and Pulse 
Rate After Administration of Gelatin to Patients in Shock 


Sedimentation rate 
Mean corpuscular hem- 
oglobin concentration 
Albumin/globulin ratio 
Blood pressure; 

Systolic 

Diastolic 

Pulse 


Av. values prior 
to gelatin 
administration 

29.2mm./hr. 


31.4% 

1.5 

77 mm. Hg 
42 mm. Hg 
94.5/min. 


Av. change 
immediately 
after adminis- t 
tration of gelatin value 

+ 25.Cmm. 14.2 

+ 1.3% 1.9 

- 0.37 4.1 

-4-42 mm. Hg 10.8 
-|-29mm.Hg 8.6 

0 


Av. change 
24 hrs. after 
administration t 
of gelatin value 

-b21,4mm. 10.9 

-f- 1.3% 2.6 

- 0.08 0.5 

-f45mm.Hg 9.3 
-428 mm. Hg 6.8 
-4 2.6 0 5 


The non-protein nitrogen showed on the average an increase im- 
mediately and 24 hours later, but it was not statistically significant 
because of marked deviations in both directions. 

III. Effect Upon Erythrocytes. The sedimentation rate which was, 
in the majority of cases, markedly elevated before treatment, con- 
sistently rose, the increase being statistically significant. The rise was 
maintained for 24 hours, and occasionally for 6 days. In general, in 
those cases in which the sedimentation rate had been markedly ele- 
vated to begin with, the rise after gelatin administration was propor- 
tionately less. This increase in the sedimentation rate was not influ- 
enced by dextrose, saline, blood, or plasma given following the gelatin. 

The mean corpuscular hemoglobin concentration which, on an 
average, was originally below normal, rose consistently and was main- 
tained for 24 hours, the increase at this time being of statistical sig- 
nificance. 


Table 4. — Therapeutic Results Following Administration of Gelatin 
TO Patients in Shock 



Degree 

of shock 



.Mild 

^loderatc 

Hevf're 

Profound 


8 

17 

0 

3 

Gelatin solution alone relieved 





shock permanently 

1 

3 

2 

1 

Shock relieved but blood also given 





for reasons other than shock (ane- 
mia, blood loss) 


2 



Shock not relieved by gelatin but 





blood or plasma did relieve it 




1 

Shock not relieved and patient 





expired 


1 



Shock relieved only temporarily* 


1 

2 

1 

.Shock relieved but patient died of 





other causes 


* Tliis patient went into shock again the following day at which time a second infusion 
of 1000 cc. of gelatin relieved the shock permanently. 

IT'. Effect Upon Clinical Symptoms. The systolic and diastolic 
blood pressures, which were markedly reduced before treatment, rose 
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in all but 2 cases upon completion of the gelatin infusion and were 
maintained thereafter. The increase was statistically significant 
(Table 3). In 7 cases the blood pressure rose from zero to normal or 
near normal values. In patients with hypertension, the blood pressure 
was frequently restored to former hypertensive levels. Mathematical 
evaluations of the pulse changes were difficult because in 7 cases no 
radial pulse was present. In the rest of the cases which are listed in 
Table 3, no average change of the pulse rate was noted. Generally, 
an improvement in the character in the pulse was obsen^ed; changes in 
the skin from a cool clammy to a ivarm and dry condition were usually 
noted in those cases that responded. 

Ordinarily, no consistent changes of temperature or respiration were 
encountered, excepting 1 case where the temperature rose 3 ° F. during 
the infusion; however, the underlying disease (abdominal carcino- 
matosis) may have been responsible for the rise. 

F. Therapeutic Res^dis. In the great majority of cases, one gelatin 
infusion relieved extreme as well as moderate shock, without any addi- 
tional therapy (Table 4) . In a few cases in whom gelatin had effectively 
relieved the shock, supplemental whole blood was administered for the 
treatment of an underlying anemia or profuse loss of blood. In 4 cases 
the gelatin did not relieve the shock, although in 2 patients blood or 
plasma infusion was successful (one associated with marked blood 
loss). In a third, (intestinal obstruction) both plasma and gelatin 
failed to prevent a fatal outcome; whereas a fourth went into shock 
again but was relieved by a second gelatin infusion. Four patients 
in whom the shock was relieved by gelatin, as seen from blood pressure 
response, died later from the following causes; burn toxemia in a 
diabetic, generalized peritonitis, bowel obstruction and ruptured 
esophageal varices. 

VI. Repeated Administration. Gelatin administration was repeated 
in only 2 shock cases. One was a patient with surgical shock in whom a 
second liter of gelatin was necessary before shock was permanently 
relieved. A second case was that of a 50% burn of second degree; 
2000 cc. of gelatin was given to treat the initial shock and then another 
3000 cc. in the attempt to correct protein-deficiency. This patient, a 
diabetic, died on the 6th day, probably owing to toxemia. 

Comment. The present study attempts to demonstrate the following 
points: 1. The administration of gelatin to patients in shock is a 
safe procedure. The only effect observed by us Avhich has to be con- 
sidered undesirable is the effect upon tlie erythrocytes. Tlie increase 
of the sedimentation rate which is generally found upon injection of 
macromolecular substances was stressed by Ivy and his co-workers’® 
as an important disadvantage in the use of plasma substitutes after 
marked hemorrhage. If the number of erythrocytes is reduced to 
begin with, a further reduction of functioning erythrocytes by pseudo- 
agglutination (rouleau formation) is dangerous. The' increased sedi- 
mentation rate is caused by the rouleau formation. 
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No evidence was found that in cases of shock without severe hemor- 
rhage this increased sedimentation rate was of clinical significance. 
The increase in rate was not more marked than that found in acute 
infection, and if the sedimentation rate would be corrected for the 
reduced red cell count (due to hemodilution), the rise of the sedimenta- 
tion rate would appear even less marked. No signs of peripheral 
venous thrombosis were noted. The increase of the mean corpuscular 
hemoglobin concentration is probably the result of a slight shrinkage 
of the red blood cells. Absence of low degree of antigenicity of gelatin 
has been demonstrated previously,-'' as was also the fact that gela- 
tin is not stored in tissues to a significant degree in contrast to other 
macromolecular substances.''* 

2. Gelatin solution is an effective hemodiluting agent. Part of its 
effect which is statistically significant is still encountered after 24 hours. 
The dilution of the red cells as judged from hematocrit and hemoglobin 
appears more marked than that of the plasma proteins. The values of 
both the total protein nitrogen and plasma density are influenced by 
the gelatin concentration in the plasma. The dilution of the plasma 
proteins is, therefore, more marked than can be interpreted from the 
determination of total protein nitrogen and plasma density. As gelatin 
influences the density of plasma to a difl'erent degree than the protein 
content, plasma density and protein nitrogen concentration run even 
less parallel than in other conditions. Since the protein of the gela-tin 
is precipitated with the globulin fraction, a decrease of the albumin/ 
globulin ratio may be anticipated. The non-protein nitrogen content 
of the gelatin may be responsible for the inconsistent increase^ of tlie 
plasma non-protein nitrogen; however, an exact evaluation is only 
possible if gelatin determinations are performed. For our present 
problem, the establishment of hemodilution suffices. The dilution of 
the plasma protein is not necessarily disadvantageous, since apparently 
not the plasma protein concentration but the total circulating plasma 
proteins are of significance.' 

Gelatin solution was an effective agent in the treatment of shock of 
every type and degree in which we used it, probably because it pro- 
duced hemodilution. A comparison with plasma and whole blood was 
not attempted in this preliminary study. The failures, however, were 
few enough to warrant a favorable comparison. The number of cases 
is sufficient, we believe, to exclude spontaneous recovery as a reason 
for this favorable response. 

One thousand cc. of gelatin in the concentration used seems sufficient 
because only in 1 case was a second dose required. 

This paper suggests that gelatin solutions have the required qualities 
of a plasma substitute. Whetiier its nitrogen content has nutritional 
value after intravenous administration in shock, as in ex])erimental 
animals,'’-'-' future investigations will have to decide. In view of the 
Ijrcsent .shortage of plasma, gelatin may be a good substitute even if it 
.shoidd not be (piite as elVeetive as plasma it.self. 
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Summary. Studies on 52 patients show that the administration of 
1000 cc. of a 5% gelatin solution in normal saline was effective in the 
treatment of shock. Tt. prodiieed regularly a statistically significant 
liemodilutioji. No untoward effects were noted except an increase in 
the sedimentation rate, whieh, however, did not influence the clinical 
picture. 
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It has been demonstrated* that the plasma volume does not 
remain fixed even with mild dehydration and will decrease in proportion 
to the severity of the dehydration. In normal subjects dehydration, 
induced by the administration of a low salt diet and ammonium 
chloride^^ or by the intravenous administration of 2 cc. of mercupurine,** 
is associated with a significant fall in the plasma volume. Under these 
circumstances, it appeared that the plasma volume was not well 
supported by the extracellular fluid and tliat the loss of water and salt, 
coincident to the diuresis, was associated with the fall in plasma volume. 

If the plasma volume is reduced by relatively small decreases in the 
body water, it would appear likely that the reverse situation would 
also be true. The administration of sodium salts sufficient to produce 
a positive sodium balance, along with sufficient water, should increase 
the volume of the extracellular fluid and presumably the plasma volume 
as well. These studies were undertaken to evaluate the effect of 
ingestion of large amounts of sodium salts with water ad lib. on the 
plasma volume of normal subjects. 

Methods. Fourteen hospital patients in good health at the time of the 
observations, without evidence of cardiovascular or renal disease and who had 
never had edema, were selected as normal subjects. Each subject had been on 
the routine hospital diet with fluid and salt ad lib. for several days before the 
observations began and was presumably in a state of normal hydration. 

The subjects were studied in two groups: the first received sodium bicarbon- 
ate and the second group was given sodium chloride. On the day the observa- 
tions were started, the subject was weighed in the rested, postabsorptive state 
on a beam balance accurate to 2 gm. Following this, he rested on a table, and 
blood samples were taken for the determination of the plasma volume,® hem- 
atocrit,-^ and serum protein concentration;^ stasis was rigidly avoided in all 
instances. A measurement of the antecubital venous pressure’® was made 
during the blood sampling. In the first group, estimation of the hemoglobin 
concentration® and red blood cell counts were made on the oxjdated blood 
samples taken for the hematocrit determination. 

At the conclusion of the initial observations, the 6 sulrjects in Grouir I were 
given a liter bottle containing 25 gra. of sodium bicaihonate dissolved in 1000 

* This work was supported by tlic Horace H. Raekliam Seliool for Graduate Studies 

and by tiie Upjolin Company, Kalamazoo, Mieli, 



EFFECT OF SODIUM SALTS ON PLASMA VOLUME 


149 


cc. of water. Thev were instructed to consume the contents of the bottle 
during the next 15 hours, taking 75 to 100 cc. per hour and to consume all the 
food on the diet trays. Each subject followed these instructions. All were 
permitted water ad lib. The following morning, the subject was again weighed 
and the initial observations were repeated. The same routine was again 
repeated, each subject consuming his usual diet and 25 gm. of sodium bicarbon- 
ate in 1000 cc. of water. The next morning after consuming 50 gm. of sodium 
bicarbonate in 48 hours in addition to his usual diet, the final observations 
were made. 

The second group of 7 subjects were managed in exactly the same way 
except that 20 gm. of sodium chloride were given daily. The subjects were 
studied only after 48 hours on this rdgime and hemoglobin concentrations and 
red blood cell counts were not estimated. 

One normal subject, R. C., the first to go on such a regime, received 40 gm. 
of sodium chloride daily for 2 days. 

If the subject consumes his usual diet, significant changes in weight from 
one day to the next will reflect changes in the water content of the body. It 
can be assumed that changes in the weight of these subjects represents approx- 
imately the water held within the body. Certainly the error of such an assump- 
tion is of little significance in dealing with the relatively large and consistent 
changes in weight experienced by these subjects. 

Twenty-two paired observations of the plasma volume repeated on succes- 
sive mornings on control subjects in the rested, postabsorptive state, showed a 
mean variation from the initial value of 4-0,68%, S.D. 2.8%, S.E. *0.61. 
The mean percentage change in hematocrit was —0.79%, S.D. 2.63%, S.E. 
*0.56. In 13 control cases the variation in serum protein concentration was 
—0.60%, S.D. 3.49%, S.E. *1.0. From these control studies, it would 
appear that variations in plasma volume greater than 5% would occur only 7 
times in 100 subjects pursuing their usual routine. 

Results. The changes in the plasma volume, hematocrit, hemo- 
globin concentration, red blood cell count, serum protein concentration, 
venous pressure, and body weight for all the subjects are recorded in 
Table 1. The percentage change expresses the variation in the plasma 
volume more accurately than the actual change, since the plasma 
volume varies considerably wutli the size of the individual. 

It will be noted in Table 1 that the body w’^eight progressively 
increased during the 2-day period in the group receiving sodium 
bicarbonate, though the greate.st change in weight occurred on the 
first day. In both groups there wms a similar and fairly consistent 
increase in the body weight averaging 1.56, =^=0.36, or 2.3, =*0.17%, 
of the initial weight at the end of 2 days of sodium bicarbonate intake 
and 1.9, *=0.41 kg., or 3.1, =*0.73% of the initial wmight at the end 
of 2 days of sodium chloride intake. There was also a close similaritj^ 
between the increase in the plasma volume noted in both groups. The 
average increase in the plasma volume after the 2-day sodium bicar- 
bonate period was 400 *=53.2 cc. or 14.4 =*1.54% of the initial deter- 
mination, -while the group receiving sodium chloride had an average 
increase of 440 =*35.5 cc. or 15.6 =*1.15% of the initial determination. 

In both groups the change in the hematocrit reading and in the 
concentration of serum protein failed to reflect quantitatively the 
change in the plasma volume as measured by the dye method. The 
relative increase in the plasma volume in nearly every instance -n^a.s 
considerably greater than the relative decrease itr the hematocrit or 
serum protein concentration as measured by the percentage change. 
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Tims in Group I at the end of the 2-day period, there was an average 
increase of 14.4% in the plasma volume, while the average decrease 
in the hematocrit was only 2.3% and in the serum protein concentra- 
tion U.9%. Similar findings were noted in Group 11. Changes in the 
hemoglobin concentration or in the red blood cell count failed to show 
significant evidence of dilution and there was no significant change in 
the mean coipuscular volume of the red blood cells. 

Discussion. From the results presented here, it is apparent that the 
addition to the diet of large amounts of sodium bicarbonate or sodium 
chloride results in significant increases in tlie plasma volume. Though 
sodium balance studies were not carried out in these subjects, others'®'^® 
have reported significant retention of sodium and water following the 
administration of sodium bicarbonate or sodium chloride to normal 
subjects. It is, therefore, reasonable to suppose that the consistent 
increase in weight noted in these subjects was the result of the retention 
of sodium and water, and represents chiefly an increase in the extra- 
cellular fluid portion of the total body water. 

Though there was considerable variation between the change in the 
plasma volume and the change in the body weight after the first day of 
sodium bicarbonate administration, both groups showed a fairly con- 
stant relationship between the change in the plasma volume and the 
change in body weight, at the end of 48 hours. Excluding Cases B. S, 
and V. V., the increase in plasma volume in the other 11 cases repre- 
sented 23.5 *±=6.8% of the total gain in the body weight. In Cases 
B. S. and V. V. the increase in the plasma volume represented 92 and 
84% of the gain in body weight. The slightly greater increases in plasma 
volume and in body weight noted in the cases receiving sodium chloride 
compared to the groups receiving sodium bicarbonate has little signifi- 
cance in this small series of cases. It should be noted, however, that 
more sodium was administered with sodium chloride than with sodium 
bicarbonate, and this alone might predispose to greater changes in 
body weight. Another factor impossible to evaluate in these cases is 
the diuretic effect of the alkali, which may in part explain the difference 
between the groups. 

Since sodium retention produced in this manner is related to a sig- 
nificant increase in the plasma volume, it would seem that the plasma 
volume even of normal subjects cannot be assumed to be constant, 
but will vary with reasonably small changes in the water content of 
the body and presumably with the sodium balance of the individual. 
ICrauefl® has demonstrated a fall in the plasma volume and body weight 
in normal subjects placed on a salt-poor diet. He also demonstrated 
that the addition of 10 or 20 gm. of sodium chloride produced an 
increase in the plasma volume and body weight. Decreases in the 
water content of the body produced by diuresis with a salt-poor diet 
and ammonium chloride^^ or by mercupurine^® in normal subjects is 
associated with an average fall in the plasma volume of 14 and 16% 
of the initial determination. Thus it would appear that the plasma 
volume may be altered by relatively small changes in the body water 
of normal subjects to as much as 15% above or below the control 
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determinations. The fact that the plasma' volume has been found to 
be relatively constant in normal subjects is no doubt due to the ability 
of the body to maintain a fairly constant sodium and water balance 
when variations in the intake of water and sodium are small. 

The increase in the plasma volume following the administration of 
sodium salts with fluids ad lib. suggests that this mechanism might be 
useful in the restoration of the plasma volume after bleeding, in 
individuals who may be mildly dehydrated. In general the plasma 
volume is quickly restored to normal after small losses of blood,® but 
after a blood loss of 15% of the total blood volume, the restoration of 
plasma volume is said to occur gradually.® These studies suggest that 
the administration of large amounts of sodium salts as a preoperative 
measure will increase the plasma volume as well as predispose to a 
favorable water balance. This mechanism might also be of some 
benefit in operations in which a considerable blood loss could be antici- 
pated, so that the plasma volume would be large at the beginning of 
the operation. 

The failure of the hematocrit, hemoglobin concentration, and red 
blood cell count to change in proportion to the change in the plasma 
volume has been noted before^’^^'*®-*®'*®''® in instances where the plasma 
volume has been reduced. It is apparent that under these circum- 
stances, the cell elements in the antecubital vein from which the 
samples were drawn have not undergone the degree of dilution found 
by the direct determination of the plasma volume. This may be 
explained by suggestion of Ebert and Stead'* that there are shifts in the 
concentration of red blood cells between the smaller and the larger 
vessels with alterations in the plasma volume. They demonstrated^ 
that the cell plasma ratio for minute vessels is lower than in large 
arteries, veins or bleeding capillaries. 

The failure of the serum proteins concentration to change in pro- 
portion to the alteration in the plasma volume has been noted before 
with decreases in the plasma volume.® A similar situation is 

apparent in the cases reported here where the decrease in the serum 
protein concentration is not proportional to the increase in the plasma 
volume. This may be explained by the theory of Madden and 
^^^lipple*'‘ that the serum proteins are in a state of dynamic equilib- 
rium and may easily enter or leave the blood stream depending upon 
the stimulus so that the concentration remains relatively stable. 
These findings, along with those associated with a decrease in plasma 
volume, suggest that relatively small changes in the plasma volume 
in the normal subject will alter the amount of circulating protein in 
the plasma, so that the concentration of the serum protein in the plasma 
undergoes only small alterations. 

The increase in the venous pressure in these cases may be explained 
either as a result of an increase in the local venous pressure, due 
to an increase in the tissue pressure, or as a result of an increase 
in the auricular pressure. Since the veins of the forearm are a series 
of collapsible tubes, the pressure in them is dependent upon the 
pressure of the surrounding tissues and the pressure in the right 
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auricle. An increase in the. amount of extracellular fluid along the 
course of the vein might cause a rise in the tissue tone sufficient to 
cause partial obstruction of the vein and thus produce an elevation 
of the venous pressure. Ryder, Molle, and Ferris^^ have indicated that 
the peripheral venous pressure is independent of the auricular pressure 
and is a function of the tissue pressure causing a collapse of the vein 
along its course to the heart. The variability in the rise in venous 
pressure noted in these cases suggests that in some instances the factor 
of local obstruction may play an important role. There is no experi- 
mental evidence in these cases that an increase in the auricular pressure 
did occur. However, with a diminution of the plasma volume, there 
was an associated decrease in the venous pressure and symptoms of a 
diminished blood flow suggesting a decrease in the auricular pressure.^^ 
It has been shown that the administration of intravenous fluids is 
associated with an increase in the cardiac output, especially when 
there was an increase in the peripheral venous pressure,^ and it would 
seem likely that in these cases the increase in the plasma volume may 
be associated with an increase in the auricular pressure and with an 
increase in the cardiac output. In any event, the increase in the 
venous pressure noted in the antecubital vein would be associated with 
some increase in capillary stasis either local or generalized which would 
promote greater transudation of fluid from the capillaries into the 
interstitial tissues. 

The considerable variation between the increase in plasma volume 
and increase in body weight noted after the first 24 hours on sodium 
bicarbonate compared to the more constant relationship in 48 hours 
suggests that the equilibrium between the plasma volume and extra- 
cellular fluid disturbed by the addition of salt and water had not been 
reestablished in 24 hours. It would seem reasonable to expect that as 
salt and water are absorbed from the gastro-intestinal tract the plasma 
volume is slightly increased. This gain in plasma volume may be at 
first quickly lost to the extracellular fluid spaces. With increases in 
the amount of fluid in the interstitial spaces the tissue pressure will 
be increased and will result in a decrease in the amount of fluid leaving 
the capillaries. At the same time, protein is added to the blood so that 
the. osmotic pressure in the capillary does not significantly fall as a 
result of hemodilution, and the plasma volume may thus be main- 
tained. If such a hji^othesis be true, it should be expected that con- 
siderable variations would be found in normal subjects depending on 
the rate of absorption of water and salt, the rate of excretion, the 
volume of extracellular fluid, the tissue pressure, the capillary pressure, 
and the serum protein concentration. 

Summary. 1. A significant increase in the plasma volume was 
noted in 14 subjects receiving large amounts of sodium chloride or 
sodium bicarbonate. 

2. The increase in the plasma volume was accompanied by an 
increase in tim venous pressure and the body weight, but was not 
accompanied by a proportional fall in the concentration of serum 
protein, hematocrit, hemoglobin concentration, or red blood cell count. 
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3. Six subjects receiving 50 gm. of sodium bicarbonate in 48 hours 
had a mean increase in plasma volume of 4-400 cc., =1=53.2, or 14.4 
=1=1.54%, with mean increase of body weight of J.5(), =*=,0.358 kg., or 
±2.33 ±0.165%. 

4. Seven subjects receiving 40 gm. of sodium chloride in 48 hours 
had a mean change in plasma volume of -f440 ±35.5 cc., or 4-15.6 
±1.15%, and a mean increase of body weight of 1.9 ±0.41 kg., or 
3.16 ±0.73%. 
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ORIENTATION OF THE ARMY PSYCHIATRIST 

By Capt. Paul Haun, M.C., A.U.S. 

COLORADO SPRINGS, COLO. 

(From the Psj’chiatric Section of the 29th General Hospital affiliated with the Uhiv.. 

of Colorado) i 

The psychiatrist, probably more than the practitioner in any branch 
of medicine, is his own diagnostic and therapeutic instrument. Where 
the sx-philologist has a laboratory, the radiologist an objective shadow- 
gram of the particular bodily region which absorbs his interest, -and 
even tlie internist a thermometer and the testimony of his auscultatory 
finger, the psychiatrist dealing with those functional disorders peculiar, 
to his field must rely exclusively upon his understanding, his memory^ 
and his judgment: understanding of human nature, of his patient’s 
personality and of his particular problem ; memory of other cases with 
their marked differences and subtle similarities; judgment to classify 
without doing his patient undue violence, to advise discreetly and to 
treat within tiie limits of anticipated benefit. 

Experience has forged the general practitioner a yard.stick which in a 
general way can be applied to medical disorders with positive diag- 



nostic results. The index is flexible and must expand and contract 
within certain limits to include the atypical and the aberrant; but it is 
a poor physician who mistakes scarlet fever for a fractured femur and 
by no means an inept psychiatrist who mistakes a manic-depressive 
psychosis for schizophrenia. The internist could satisfactorily state 
whether or not a Martian was suffering from tuberculosis but the 
psychiatrist would be quite unable to decide whether he was psychotic, 
a genius, or an average extra-terrestrial specimen. In his own field the 
psychiatrist must get along without firm well-established clinical 
syndromes and must daily perform the paradoxical task of diagnosing 
and treating disorders of a perpetually unique nature. Psychiatric 
diagnosis is accordingly a subjective affair and the formal classification 
of any patient only a sort of makeshift which has no importance to the 
physician already familiar with the case, and only a limited value to 
his' successor. 

The only diehotomy between “Mind” and “Body” is happily an 
issue no longer. The competent internist, along with the specialist in 
the non-psychiatric branches of medicine, realize that it is impossible 
to treat a disease and ignore the patient; that taxes, marital disharmony 
and wayward children do have a bearing on John Doe’s peptic ulcer. 
Yet for the proper diagnosis and management of our patients the new 
monism cannot be carried to absurd lengths. It is still fair to say that 
pneumonia has more connection with the pneumococcus than with tlie 
patient’s distress over an early alopecia, and at the opposite extreme 
that the obsessive-compulsive states relate more to constitutional, 
environmental and conditioning factors than to microorganisms. The 
medically “ill person” is apt to be a more or less healthy “person” 
afflicted with a more or less seriovxs “illness,” In the psychiatric 
invalid the accent is reversed. His “person” is ill and his symptom 
manifestations are but the disruptive reverberation of this central 
canker. Try as we will we may be unable to find that an attack of 
chickenpox has had any relationship to our patient’s personality, but 
we are not obliged to believe that a psychoneurosis has its prodromal, 
clinical and convalescent stages, leaving the same old "normal self” 
with a few added scars, 

jMeasles and carcinoma of the breast bear more resemblance than 
measles and schizophrenia, in the same sense that one recognizes 
oranges and apples as more akin than oranges and justice. To approach 
psychiatric disorders with a “yardstick” of symptoms and signs, to 
hope that a “IVassermann test” for hebephrenia will eventually come 
out of our research laboratories, to visualize an e.xogenous disease 
process descending upon the organism in the way that typhoid fever 
invades its victim, is to plunge unprofitably against a permanent and 
sterile impasse. One does not attempt to adjust a mine-workers’ strike 
with a kit of mechanic’s tools nor does one grind the valves of an 
internal coinbu.stion engine with Kmcrson’s Essay.s 

The merlically. oriented physician is toid by tbe psychiatrist that he 
must consider the intangible elements in his cases, . yet he may not be 
informed that his familiar tools, his diagnostic and therapeutic tech- 



niques and perhaps most importantly of all his very habits of thought 
must be discarded and a -radically divergent approach adopted. Psy- 
chiatry is not an exact science, nor is politics, nor philosophy. What 
does one weigh? Wdiat does one measure? Modern clinical medicine, 
although few would include it in the relatively exact disciplines of 
physics and chemistry and certainly not in the completely “scientific” 
field of mathematics, still employs genuinely scientific techniques 
which have resulted in the brilliant advances of the past few hundred 
years. Psychiatry, when dealing with tliose disorders preeminently 
its own, has signally failed whenever it has attempted to employ the 
same approach. Psychiatry’s spiritual father is Aeschylus and not 
Hippocrates, and its practitioners have more to learn from Phidias, 
Shakespeare, El Greco and iMilton than from Sir W^illiam Osier. 

Therapeutics, per se, is intimately related to the practitioner’s 
understanding of his individual patient and in the reversible disorder, 
productive or ineffective in direct proportion to the physician’s grasp. 
The psychiatrist must, therefore, be at all times keenly aware of his 
own “tare” which will inevitably and radically vary, depending on tlie 
type of practice he is doing and upon the circumstances of his. own 
existence both environmental and subjective. His experience, actual 
and vicarious, must be of an extent and diversity to perrhit him a 
common ground with every patient who comes under his care. As 
this common ground narrows, his ability to diagnose and to treat 
recedes and may eventually reach a hypotlietical point of non-existence. 
It is a dim realization of the validity of this by the relative and 
lay friend that leads him so often to insist that he “knows” the 
patient “inside out” and so can do far more therapeutically than the 
psychiatrist. The basic premise is sound but the application is in 
error since this “knowledge” is usually more of the patient’s effect upon 
him than of the patient. Furthermore, the ability to use even what 
objective knowledge exists is stultified by his personal ties. 

It is the psychiatrist’s constant effort to understand rather than to 
sympathize, to be objective rather than partisan, and at the same time 
to know his own prejudices, aims and fidelities and when they minimize 
one facet of his patient’s personality and exaggerate another to make 
the necessary correction in his conclusions. A form of identification 
takes place with the sufferer, a projection into his being. He strives 
to react with another’s instincts, feel with his emotions, think with 
his mind, all in an attempt to strike closer to the knowable truth 
concerning him. Not the metric truth of cubits in his stature, not the 
subjective truth of chiming music in his voice, but rather the'trans- 
cendental truth of Who He Is. 

Remote as these comments may seem from the practice of Army 
psychiatry I shall endeavor to demonstrate their relationship. 

The civilian psychiatrist will usuall3'- be found in institutional work, 
penal consultation, private practice or the ps^^chiatric out-patient 
clinic of a University or Foundation. In the State Institution the 
patient census is made up of individuals deriving from a relatively 
narrow geographic area. In a general wa.v their economic situation is 
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similar. By and large they are all psychotic. In practically every 
instance their illness has been of sufficient severity to attract social 
notice culminating in their* commitment. 

In penal work individuals coming to the psychiatrist’s attention are 
even more rigidly “selected.” All, if not actual criminals, have at 
least been accused and convicted of anti-social acts. All face an 
essentially identical environmental situation; enforced confinement 
and social stigma. 

The private psychiatrist, perhaps most of all, sees a sharply dif- 
ferentiated group of patients. His work will be done within certain 
economic brackets, the majority of his cases will share with each other 
either an awareness of their illness and a desire for help, or will have 
families who recognize these issues more or less completely. He will 
continue to treat only those who feel they are profiting by his assistance 
or whose families hold this opinion. 

The physician working in a private sanitarium, in an out-patient 
clinic, in a teaching Institute will in turn find that his practice has a 
certain year in, year out uniformity that in itself facilitates the dis- 
charge of his responsibilities. 

In general, then, one may say that the civilian psychiatrist in what- 
ever field he may be working, deals with a highly selective group of 
patients who share with one another many important similarities and 
who either recognize the fact of their illness or have others (the family 
or society) who do so for them. The psychiatrist can in consequence 
approach a case with a background of familiarity, the very existence of 
which he may not recognize. He is usually aware of the mores which 
have impinged upon his patient because they have also influenced the 
physician. He knows automatically from the patient’s address in 
what climatic conditions he has been living. It is not improbable that 
he may know the patient’s employer or the reputation of the business 
house of which he happens to be tlie head. His dress tells as much 
about his personality as it does about his pocketbook. 

In military practice the geographic, economic and social background 
of the patients is heterogeneous to a degree tliat has no civilian counter- 
part. Every State in the Union is represented, every financial situa- 
tion, every intellectual endowment, every cultural level. The mil- 
lionaire wears the same shade of olive drab as the pauper. The genius 
salutes with the same gesture as the mental defective. The Maine 
woodsman inflects his “Sir” in the same fashion as the California 
hotel manager. He comes under the observation of the medical officer 
for one reason only, failure to be a satisfactory soldier. He may, of 
course, be ill and often is, but the line officer and the first sergeant are 
not functioning as health advisers. They naturally and correctly 
evaluate the enlisted man as to his military possibilities. How able a 
salesman may be, how satisfactorily a coal miner has met his civilian 
problems, what magnificent books an autlior has written, are no longer 
pertinent. Can he fight? Is he of any use in one of ffie services of 
supply? jNIen who are not “good .soldiers” include a great many human 
types with whom the psychiatrist has had no previous contact and yet 
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in a great many instances it is just these men that, in course of time, 
he is asked to evaluate. 

The civilian psychiatrist has ipso facto evidence of the patient's illness 
in the average professional situation, for otherwise no provision would 
have been made for his examination. To him, "What illness afflicts 
this individual?” is a rather different question than “Does this patient 
have any type of disorder?” Only in the field of industrial medicine 
where compensation and liability necessarily’- bulk large is he asked 
the second question as often as in the Army. 

To the civilian population of the United States and correspondingly 
to its medical practitioners Peace is thoroughly comprehensible; War, 
strange, European, and largely inexplicable. It is far easier to under- 
stand the plumbing business, the stock market, library schools and 
Ringling Bros. Circus than it is close order drill. Altliough Americans 
have fought considerably more than the continental average of a war a 
generation tliey have remained singularly untouched by militarism in 
any of its manifestations, concrete or ideologic. Even such a simple 
military prerequisite as conscription had to be elaboratelj*- disguised 
and fitted with a euphemistic title that appealed to peace-time fetishes. 
The deep-sea diver, and the lumberjack talked a language in 1941 far 
more comprehensible to the psychiatrist than can be spoken by any 
sergeant to his recently commissioned medical officer. The psychiatrist 
newly in uniform not only has no understanding of the War Situation in 
which his patients find themselves, but, since his duties confine him 
to the purlieus of the hospital, has little means of finding out. What do 
the men talk about when no officers are present? What is the actual 
effect of disciplinary action on group morale? Just how “tough is a 
sergeant? What does Private John Doe really think about the war, 
about giving up his job, about relinquishing what he has always thought 
was personal control of his own destiny? What is the “average 
soldier like? These and many other questions he is obliged to ask 
himself, for it, is only through his ability to answer them accurately 
that he can fulfill his professional function. 

A no less challenging task before the psychiatrist lies in familiar- 
izing himself with the Aims of the Army. What constitutes disability 
in the psychiatric field? What is the minimum standard of the indi- 
vidual soldier’s performance which makes him an asset rather than a 
liability to the armed forces? The answers to tliese and kindred 
■queries are not as simple as might at first appear. Man has sought 
throughout the ages for codification, believing perhaps naively and 
perhaps not, that through carefully worded regulations and the estab- 
lishment of standardized procedures, recurrent situations could be 
dealt with in a uniform and just manner. Moses’ Ten Commandments, 
the Roman Law and the Napoleonic Code were such attempts. Army 
regulations and the Articles of War arc otliers. Adiniralile as these 
guides are, they do not, nor can any such body of regulations Jiope’to 
avoid interpretation or the ine.scapable fact that they will be admin- 
istered by lunnan beings in connection witli human situations. It is 
possible so to interpret AR 61.5-360, Sect. VIII that any individual in 
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whom signs of ^Tability are present and who is able to make a purposive 
movement such as lifting an arm must “by regulation” be retained in 
tlie Army, even though he be an overt homosexual, a morphine addict 
and have a mental age of 3 years. It is also possible so to interpret 
this regulation that an infantryman afflicted with a degree of native 
awkwardness greater tlian that shown by his fellows but Avith the 
sterling qualities of a Sergeant York must “by regulation” be dismissed 
from the service. The psychiatrist must learn where along this inter- 
pretive scale are the limits of actual practice at his particular post and 
in his particular organization, for although the regulations throughout 
the Army are uniform, it is no secret that a “Section VIII Discharge” 
may be “easier” under Colonel B. in Maine than under Colonel A. in 
Texas. 

Education constitutes the last category for discussion. The civilian 
psychiatrist in every professional situation in which he may find 
himself, with the exception of a certain type of forensic practice, is 
dealing either Avith other psychiatrists (the Psychiatric Institute’s 
seminar; the State Hospital conference) or Avith medical practitioners 
Avho have sought his advice and AA’ho accordingly are quite ready to 
accept his judgment and interpretation. In the military field the 
final decision regarding his cases frequently rests Avith a board of 
medical officers entirely untrained in psychiatry, AA'hose efforts to fit 
the needs of an individual problem to the printed regulations may not 
invariably be in accord with Army aims. With the authority of such a 
board to pass on AAfflat standard of performance is requisite in the 
individual soldier for military service there can, of course, be no 
argument, but it is botli the privilege and the duty of tlie psychiatrist 
to make certain tliat the members of the board are fully informed of 
his patient’s status and of the “life history” of the disorder Avith Avhich 
he is afflicted. He is handicapped by having no roentgenograms Avith 
AA'hich to demonstrate the disability, no objective physical signs Avhich 
all can test for themselves, so that there is no particular occasion for 
surprise AA'hen a non-psychiatrically oriented board hesitates OA^er the 
discharge of a psychoneurotic of perfect physique and superior intel- 
ligence. 

Once the psychiatrist’s standards are brought into conformity Avith 
Army Aims, once he has become “psychiatrist to the American soldier” 
and can interpret and understand the Tennessee mountaineer equally 
Avith the Detroit shop Avorker and the Vermont farmer, once he has 
learned to differentiate between an illness and a case of guard-house 
boredom, once he knows AAdiat tlie AA^ar situation means, first to himself 
and then to his patient both environmentally and subjectively, he is in a 
position to help his professional confreres to an appropriate course in 
handling his patient’s problem. 

The following cases are offered for consideration, illustrating in a 
concrete Avay, it is hoped, certain of the issues raised above. The first 
is close to being a man from Mars and demonstrates tlie difficulty of 
psychiatric evaluation when the racial and cultural background of a 
patient is unfamiliar to the examiner. It is problematic Avhether any 
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])Ut a New Englander could thoroughly understand the second man 
and doubtful that either he or the third case would have come to the 
attention of a civilian psychiatrist. The traditions, personalities, 
symptom-complexes, motivations and maladjustments of all are unique 
and their respective diagnoses distinctly subjective and legitimately 
open to question. None had any objective phj^sical illness, none 
showed abnormality on laboratory studies and none was functioning 
in a healthy fashion. 

Case 1. A.B. was a Japanese ])risoner of war admitted to the Hospital 
after 10 months in the Enemy Alien Stockade. A number of his fellows insisted 
he was insane, while others declared he had only incurred the dislike of a 
certain clique among the prisoners by his independent ways. Officers in 
charge of the Stockade reported him as being uncooperative and resistive to 
discipline. On several occasions he had been seen by Army personnel openly 
masturbating and once was said to have completed the procedure in the midst 
of several waiting soldiers, finally turning to them and blandly asking their 
business with him. An opinion regarding his mental health was desired. 

The patient was a short, wiry Japanese of 41, pleasant in manner and co- 
operative to hospital regulations. He preferred to remain bare-footed and 
when seated in a chair would draw up his knees until his feet rested against 
his thighs. He moved with the quickness and agility of an acrobat, and his 
gait invariably held something of a swagger, borne out by the habitual expres- 
sion of tolerant superiority and amused indulgence with which he spoke to 
the examiner. The most striking thing in his appearance was a full black 
beard which he wore with obvious pride. His grasp of English was rudimentary 
and it was with the utmost difficulty that any verbal interchange could be 
effected. 

' He had been born in Japan, November 1, 1902, the third of 5 children. One 
sister had died at 10 of influenza. He had heard nothing of the remaining 
siblings since their inunigration to Brazil 10 years previously. His father, a 
farmer and a keeper of the Shinto shrine in his village, had died at 65 of heart 
disease and his mother at 61 of “kidney trouble.” Familial diseases were 
denied. The patient disclaimed neurotic traits, illnesses, serious injuries and 
operations, declaring, “Since I am born I never been sick. Always strong. 
Healthy family.” It was apparent that he took much satisfaction in his 
robustness. He had started school at 7 and had stopped at 16 completing the 
8th form in a Japanese public school. He claimed to have always had a high 
scholastic average and to have gotten along well with his contemporaries and 
instructors. He held class offices in school and was active in athletics, partic- 
ularly track and s^vimming. He was not interested in furthering his education 
beyond the minimum required by law, having made up his mind at an earlj" 
age to travel. 

For 4 years after leaving school he worked on his father’s farm, a property 
of 50 acres, said to be an average size for his country. At 20 he moved to 
Tokio where he lived with his step-brother, a wholesale merchant in an espe- 
cially fine grade of silk woven in the patient’s own village. During the days he 
assisted in his step-brother’s store and at night attended school where he 
learned his first English. At 22 he came to the United States and lived in 
and about New York City until December 1941 when he was taken into 
custody as an Enemy Alien. In the United States he operated concessions at 
amusement resorts and claimed to have owned several wholesale and retail 
businesses dealing in Japanese merchandise. His average income was between 
S40 and S50 a week. He drank and smoked in moderation but denied the use 
of drugs. He stated he had resorted to prostitutes once or twice a month until 
the age of 30, but with the subsequent decrease in his sexual urges had felt 
little interest in coitus. He had never been married or engaged, declaring there 
was “too much trouble” associated with the marital state. He gave his 
religion as Shinto and stated that he observed its tenets faithfully. 
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The patient, stated that movies, reading, and watching athletic events v.-ere 
his chief interests and spoke of going occasionally to Coney Island or Long 
Beach to swim. Some 10 years previously he had abruptly seyered all social 
contacts except with his immediate relatives declaring: “1 like peaceful 
living, quiet. Thinking. Study time. So I didn’t make friends. I know 
many people but not close you understand. All simple.” He denied that 
anything happened at this time to influence his decision. “Just my own 
desire you know.” He further stated that 3 years previously he had severed 
all correspondence with a step-brother living in Stamford, Conn., by common 
consent, since they did not want to have “trouble.” No clarification of what 
constituted “trouble” was possible except the patient’s puzzling idea that all 
human contacts in the United States were dangerous because there was no 
“righteousness” and too much “competition.” He had no hobbies, belonged 
to no societies or clubs and cultivated no cultural interests. He had never 
been arrested. 

One of the officers from the Stockade reported that the patient had been 
difficult to manage from the time of his arrival and had never considered 
himself bound either by military discipline or the regulations set up by the 
Japanese internees. He bullied his tent mates and spent much of his time 
striding about the area smoking a pipe and swinging a cane. The other 
prisoners were said to avoid him as much as possible. Many of them were 
afraid of him and some regarded him as mentally unbalanced. At mess call he 
would frequently continue his promenade and, after the other men had been 
fed, demand something to eat for himself. Gossip among the Japanese was to 
the effect that he had at one time been a patient in a mental hospital in New 
York or Massachusetts. They also believed he had adopted his present name 
several years previously when he became estranged from his relatives because 
of his irresponsible conduct, shiftless ways and frequent intoxication. 

In hospital most of his answers to questions were circumstantial and seem- 
ingly tangential. In reply to almost every query he brought in some mention 
of his religion and philosophy. He flatly denied open masturbation as reported 
Iry the officers, stated he got along well with the other men and denied that 
he had ever been in a mental institution. He did not regard the Japanese 
spokesman at the Stockade as a suitable choice since he was a Christian 
convert and a missionary, and accordingly could not properly represent those 
of his race who were of other faiths. He admitted that he did not consider 
himself bound by any decisions made for the group by this leader. He pro- 
fessed to be on excellent terms ■with what relatives were living in the United 
States and declared he never became drunk oftener than once a j^ear and then 
only for a short period. 

He was eager to point out the defects of Western civilization and to praise 
Japan’s cultural advantages. He talked at length about Shintoism and its 
basic concept of Righteousness, from which stem Humanity, Freedom and 
Liberty. In some way not clear to the examiner he justified his friendlessness 
and isolation on the absence of a patriarchal social organization in the United 
States. The natural order, he maintained, was for the family and all society 
to be hierarchial, with the male dominant, the female under his jurisdiction 
and children at the lowest stage. This was proved, he contended, by the fact 
that the sun is male, the moon female and the stars immature children. Some 
10 years ago he awakened to the dangers and potential “troubles” of friendship 
and subsequentlj" isolated himself as completely as possible from his fellows, 
maintaining only “simple” (casual?) relations with them. He declared with a 
great deal of pride that he was a “student,” and had thoroughly examined 
Western ciHlization with especial reference to its religion and its politics. He 
liked “a quiet life” in which his meditations were not disturbed and became 
almost ecstatic in describing its merits. He regarded his hospitalization as a 
“double cross” initiated by a small Japanese clique among the prisoners who 
did not regard him highly and who had succeeded in duping the Army per- 
.'=onnel into a belief that he was “sick,” He was certain there was no rational 
motive for this, declaring it -was only bcca\ise these men were “nervous” 
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(insane). The patient’s sensorium was entirelj' clear, his mood was undis- 
turbed, it was not possible to elicit hallucinations and his intelligence appeared 
to be adequate although probably no more than dull normal. 

Cultural and lacial diiTerence.s, the language barrier and the elTect of war 
attitudes on the patient’s candor raised insoluble didicultics in formulating 
his disorder. Was he only an eccentric and lonely man of modest endowment 
reacting to a hostile and incomprehensible physical and spiritual environment 
by a schizoid retreat and the glorification of a self-created philosophy and half- 
fabricated religion which he identified with his home land? Was he a wastrel 
and an outcast, a rowdy vagrant? ' Was he, in reality, a schizophrenic whose 
overt symptomatology appeared 10 years previously when he retreated fi-om 
society, fell out with his relatives, and became economically ineffectual? Was 
he, in his present situation, dramatically manifesting further dilapidation in 
conduct by his open masturbation? It was readily ascertained that he did 
not have sjqihilis, that he was not suffering from pulmonary tuberculosis, that 
he was not a victim of diabetes. No finely calibrated scale was at hand to 
determine whether or not he was insane. 

Case 2. C.D. was a native of Vermont who had been in the Army for 5 
months. He was referred to the Hospital because of stomach trouble which 
had been particularly troublesome within the past year and which he stated 
was relieved at times by taking food and at times by. passing flatus. He was 
originally admitted on a medical ward. Gastric analysis was normal and he 
displayed no secondarj’’ anemia. A barium enema showed no evidence of 
colitis or other pathology in the large bowel and his feces were negative for 
occult blood. C 3 'sts and pre-cysts of Endamceba coli were repeatedly found 
but were not thought to have an etiologic bearing on his complaint. Twelve 
days after admission he was seen by a psychiatric consultant. He spoke of 
being “nervous” for a long time, but was imable to date the onset more accu- 
rately. He stated he was easily excited, was often “shaky,” suffered from 
palpitation and described prickling sensations in his arms and “funny feelings 
all over” for which he could not account. He admitted that he was “kind of 
depressed at times” and that he seemed constantly on the verge of v'eeping. 
He had been unable to sleep well during his period of military service because 
of the noise from card players and from intoxicated soldiers coming into the 
barracks late at night. He was transferred to a psychiatric ward the same day. 

The patient was 37 years of age, of medium build and of a courteous and 
retiring manner. Throughout his subsequent hospitalization he spent mi^h 
of his time alone in his room, at times reading and at times in idleness. He 
volunteered no complaints, rarelj" spoke to the other patients and showed 
no interest in the activities of the ward. His facial expression was sober 
rather than depressed, he showed no signs of retardation and his apparent 
preoccupation was never of a degree to impair his awareness of his surroundings. 
He readily carried out whatever housekeeping tasks were assigned him and 
replied pertinently and Avithout hesitation to questions addressed him. 

He had been born in Vermont, NoA^ember 2, 1906, the third of 4 children. 
One brother died at 36 after 25 years in a mental institution probably for an 
epileptic psychosis. The 2 remaining brothers Avere living and Avell. His father, 
although still aliA^e at 72 Avas in delicate health and his 70 year old mother suffered 
from “nervous trouble.” Familial diseases Avere denied except for 2 instances of 
fatal tuberculosis. He Avas uninformed regarding his birth and earlj^ develop- 
ment but stated that temper tantrums had been common in his childhood and 
that he had never outgrmra the habit of biting his nails. Other neurotic traits 
Avere disclaimed. He had suffered from all the minor exanthemata and at 10 
had undergone an attack of scarlet feA^er Avithout apparent residuals. A tonsil 
and adenoidectomj' Avas performed at 27 and a herniotomy and appendectomy 
at 33. _ At 21 or 22 he had acquired gonorrhea which AA'as folloAved by an 
arthritic inA'oh’ement of the left knee. This continued to cause him pain after 
anj" unusual exercise. Other serious illnesses and operations as aa'cII as injuries 
of significance AA-ere denied. 

lie had completed public high school at 18 AA’ith a scholastic aA'crage of 
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“C.” There had been occasional truancy, but in general his deportment had 
been good. He had gotten along with both instructors and classmates without 
trouble, but had mixed little with the other students and had never been a 
popular boy. He had participated in none of the extra-curricular school 
activities, belonged to no societies, taken no part in athletics and had never 
held a class office. Although his family would not have objected had he 
wished to enter college, he had shown no interest in furthering his education. 

After leaving high school he worked for the following 4 years as a marble 
cutter, fashioning cemetery stones. For a time his salary was $70 a Aveek. At 
21 he and 3 companions Avere making a purchase of some beer from the local 
bootlegger Avhen an argument arose over their having been short-changed. 
One of the patient’s companions struck the bootlegger Avith his fist, discoloring 
his eye. The man brought charges against all 4 and the patient and 2 of his 
companions Avere sentenced to 9 to 12 months in the penitentiary'. The 
patient was released after 8 months, immediately gave up both alcohol and 
tobacco to which he never subsequently resorted ana changed his employment 
from stone cutter to handy man in the kitchen of a Fine Arts College in his 
home, toAvn. He reihained for the folloAAnng 15 years in the same employment 
at a salary of S25 a Aveek. After several years he Avas made assistant cook. _ He 
Avould visit at home several times a Aveek and Avould occasionally stay overnight 
AA'ith his family, but actually made his home at the College where he lived Avith 
4 to 6 other employees, pastry and meat cooks, dish Avashers and kitchen men. 
Throughout this period he never Avent out socially Avith any of his felloAv 
Avorkers, never participated in the actiAuties of the common room Avhich they 
all shared, and consistently kept to himself. 

His alcoholic indulgences, AA'hich for a time reached a maximum of one pint 
of spirits in the 24 hour period, Avere confined to his young manhood, the 
patient drinking nothing before he Avas 18 and nothing after his release from 
prison at 22. Tobacco Avas abruptly discontinued at the same time. "My 
stomach and nerves couldn’t stand it," he explained. 

The patient's family Avere Congregational by faith and quite devout in their 
observances. The patient had never been interested in formal religious issues 
but considered himself a Christian man. He had neA'er married or been 
engaged and admitted that even casual social contacts AA’ith members of the 
opposite sex Avere infrequent. He had never resorted to prostitutes, had never 
fallen in love and could even recall the approximate number of sexual contacts 
in AA'hich he had participated during his lifetime. Homosexual experiences 
AA'ere denied. Concerning masturbation he stated that "of course it Avould 
injure your health and run you doAvn." He felt it "couldn’t help but weaken 
the mind.’’ Although evasively denying that he had observed any such harm- 
ful effects upon himself and disclaiming any' fears that he might go insane as 
the result of the practice, it Avas eA'ident that he had given the matter con- 
siderable thought. 

His amusements had consisted of attendance at the moA'ies 2 or 3 times a 
Aveek, of hunting and fishing, of reading the newspapers and of listening to the 
radio. His hunting was done alone because "there Avasn't so much noise,’’ 
he rarely "bothered” to go with any' one to the theater and it AA’as naturally 
more coiiA'cnient to read and to listen to the radio in the privacy of his room. 
He had no iiobbies and no cultural interests. On his visits at home he almost 
never came in contact Avith anyone but his immediate relatiA'es since they 
“didn’t go out much or haA'c people in.” He had been arrested but tAA’ice; 
once at the age of 20 for drunkenness and again at 21 for disturbing the peace. 
It Avas folloAving conA'iction for this offense that he spent 8 months in the 
penitentiary'. In the Army he had been subjected to no disciplinaiy action 
.md ii.id never before been ho.spitaliaed. He had reported on .sick calls some 4 or 
5 times in all, iuA'ariably complaining of his stomach. 

The jjatient was unable accurately to fix the date of onset for his complaints 
of "stonAach trouble,” dyspnea, pvecordial clist.ve.ss, ten.rion, epig.isti'ic burning 
{ind “nervousness” but stated they first became noticeable in early manhood 
In searcli of relief ho gave up both tobacco and alcohol at 22 but continued to 
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be intermittently troubled in the following years. In 1942 his symptoms grew 
so annoying that he consulted a physician who, after a thorough examination, 
declared they were the result of “nervousness” rather than of any organic 
pathoiogJ^ Military ser\dce, so greatly out of keeping with his customaiy life 
pattern, aggravated his complaints. He was unusually distressed by the 
noise and bustle of camp life, the propinquity of other soldiers and the rapid 
pace of events. He became depressed and episodes of tearfulness were common. 
His outstanding complaint on admission to hospital was of gastric distress, 
and initial examination procedures were conducted on an appropriate medical 
ward. They failed in everj’^ instance to demonstrate an objective basis for his 
trouble. The patient displayed no disorder of speech, no projectional delusions 
and no hallucinations. His sensorium was nonnal and his basal intellectual 
faculties intact and adequate. 

Could the abrupt relinquishment of a profitable trade, the apparent con- 
tentment in a poorly remunerated, semi-domestic job, the sudden renounce- 
ment of the sins of tobacco and alcohol have been the profound reaction of a 
conscientious and penitent youngster to an adolescent misdemeanor which 
society had punished by a harsh penitentiary sentence? Were the inflexible 
rigidity of his past life, the paucity of his interests, the habitual seclusiveness 
of his existence but a literal application of New England traditionalism, per- 
sonal restraint, and conventionality? Was he a neurotically insecure, poorh' 
adjusted and distinctly schizoid personality hiding from the stresses of human 
contact in the basement of a College dormitory, perverting his instincts, dis- 
rupting his personality and sinking continually deeper into hypochondriacal 
dilapidation? Had his native store of initiative, of energy, of interest, burned 
itself out before he was 22, leaving him an emotionally empty and purposeless 
derelict who maintained the illusion of human, although some\yhat eccentric 
behavior until he was taken out of his habit-bastioned en\nronment and 
thrown into the parlous uncertainties of an Amy camp? Was he a Saint, a 
New Englander, a Psychoneurotic, a Schizophrenic, or was he C. D. the unique 
creation of an endlessly inventive Piwddence? 

Case 3. E.F. was born in New York City, and first entered a military 
hospital after 9 months of service. The psychiatric out-patient report author- 
izing his admission read as follows: “Profound depression. Marked feelings 
of depersonalization. A great deal of content is schizoid. Admit to closed 
ward.” His commanding officer stated that he had found the patient intel- 
ligent but unadaptable, that his only interest was in textiles, and that he was 
“completely useless” in his present assignment in the Infantry. Every effort 
made by his organization to effect his transfer to the QuarterinastCT Corps 
had been unsuccessful and it had been decided to refer him to the Hospital 
in the hope that he could be reclassified. The patient insisted that in his 
attempt to persuade the medical officer of the need for his transfer he had 
overstepped himself and conrunced him rather that he was mentally ill. 

The patient was a man of large but unathletic physique, cooperative, suave, 
and volubly eager to make clear his situation and to correct the phj'siciaiis 
erroneous notion that he was psj'chotic. He mixed little with the other patients 
and spent much of his time reading and carrying on a voluminous correspon- 
dence. He immediate^ began to ask for unusual privileges, particularly the 
use of the telephone, and at no time let it be thought that he considered himself 
one of the ward patients. He was on terms of easj' condescension with the 
attendants, showed a ])olite reserve toward the nurses and was respectful but 
faintly impatient with the medical officers. He collaborated with them on his 
“case,” exchanged suggestions, and permitted himself no doubts that all con- 
cerned were of one mind as to the proper thing to be done. Ascertaining on 
his first day in hospital that all outgoing mail was read by the doctor before it 
was posted, he instituted a campaign which made up in volume for what it 
lacked in subtlety. He discussed his situation in extenso with a half dozen 
correspondents and when no more remained, began to cycle again, intenuinably 
repeating himself even as to the jjhraseolog}’ in his numerous letters. His 
speech was rapid, emotionally surcharged and for the most part overpower- 
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ingly plausible, an odd, elliptical, short-hand utterance with many elisions and 
apparent indirections which he was, nevertheless, always able to clarify on 
request. When well launched on some recital, he seemed to become hypnotized 
by the sound of his voice and raised issues ana made revelations which were not 
altogether consistent Avith the impression he attempted to make at other times. 

He had been born on Julj'^ 28, 1905, the first of 3 children. Taa^o brothers 
Avere living and in good health but his father had died in 1920 of heart disease 
at the age of 45. He had been a “converter of cotton goods” and it Avas from 
him that the patient first became interested in the textile industry. His 
mother, living and Avell at 58, had remarried in 1927 but had borne no children 
to her second husband. Familial diseases Avere emphatically denied. The 
patient scouted the suggestion of childhood neurotic traits, at times offering a 
vigorous negative before he had actually heard the examiner’s question. “I 
am very calm, serene, even temper. Ahvays been that Avay. Never ruffled. 
I am a healthy person,” he declared. “Go through my record from A to Z. 
Friends, business associates." In similar fashion he disclaimed' all of the 
exanthemata, all injuries, all operations and all serious adult illnesses, although 
as an afterthought he did admit to a tonsil and adenoidectomy. 

He attended school until the age of 22, completing a 3 year course in textile 
school. During the latter part of his academic career he attended evening 
courses in a school of business administration in a reputable eastern university. 
He gave his scholastic average as “80,” and insisted that he liked school “ver}'^ 
much.” played baseball both in high school and college and for a year and a 
half sat on a student goA'ernment board. “I Avas just one of the boys,” he 
stated, “I am ahvays one of the boys. FelloAV my age, though, you can’t feel 
intimate Avith felloAvs 21, 23, 24. You feel interested in them but you can’t 
feel too close. At least that’s the Avay I feel. I do the best I can. I mingle 
Avith them in the barracks but I Avouldn’t go out of the Avay for some of the 
people I met. It’s the Anny, the great melting pot.” He Avent on to contrast 
his school day companions: “They A\-ere all my kind. Easier to talk to and be 
Avith. Mutual interests.” He admitted to rare truancy but added, “I guess 
that’s noimal,” a statement Avhich prefaced much of Avhat he said. He failed 
his Regents examinations on the first attempt but qualified the following year. 

The patient obtained Avork in a textile corporation as a “styler and fabri- 
cater” immediately after graduation. In the folloAving 15 years he held jobs 
varying in duration from 2 to 41 years Avith 5 different concerns, all of them 
textile industries. With the last 2 firms he was head buyer. In each instance 
he maintained that his change of employment had been by resignation and 
had represented an advancement either in responsibility or from a financial 
standpoint. He repeatedly mentioned hoAv distressed his A'^arious employers 
had been at losing his services to another and at times rival organization. 
His income had been large and on at least 5 occasions he informed the physician 
that he had allotted his entire Anny pay to the purchase of War Bonds. He em- 
ployed tobacco and alcohol in great moderation and denied the use of drugs! 

Although unmarried he Avas “practically engaged” to a diAmrcee of 37 Avhom 
he had knoAvn for the preceding 8 months. Explaining his delay in marrying 
he stated: “You get spoiled by too many good times, by the fine association 
you haA’^e Avith many people. You realize Avhen you are older the mistakes you 
make Avhen you are younger. I should haA’e married AA’hile I Avas in college. 
Nice girl, but I guess I Avas just a little too fickle. The time just Avent by. My 
bi'others are already married and haA'e children and thej' are younger than me. 
I am still just floating around.” 

He spoke Avith romantic hesitation of a former sweetheart Avith Avhom he 
Avent for 2 years and Avho repre.sented all that Avas femininely desirable. She, 
iiowcA’cr, Avas a Catholic and although he arranged for her to take instruction 
fioin a Rabbi, eventually Avas unable to OA’ercome his religious scruples and 
marry her. His one Ausit to a prostitute had resulted in an unsatisfactory 
contact, the patient being unable to obtain an erection. He had also e.xperi- 
enced a relative degree of libidinous blocking Avith girl friends but never to 
this degree, and presented a distinctly feminine disinclination to coitus unas- 
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sociated with idealistic identification. "When j^ou try to satisfy lust mechan- 
ically it isn't genuine passion. I have had no intercourse now since New Year’s 
and it isn’t anything. I have too multifarious interests whereas if you are 
with tliese 3 'oung follow.s it’s their oiil,y interesl.’’ Ho denied worries over 
mastuihation declaring: “It was never my concern. Never worried aljout it, 
never practiced it. I guess I know what it means’’ (laughing). 

The patient’s family were strictly Orthodox but he was even more rigid 
in his observations. He never worked on Saturday and made a point of getting 
home before sundown on Friday night. He followed the dietary laws and 
stated that he had eaten no meat since his induction 9 months previously. 
“The only thing I hate about this thing is I haven’t been able to put on strips 
for the morning prayer,’’ he declared. He had worked with a private tutor in 
childhood instead of attending Chedar and had continued to study with 
learned Hebrews until the time of his induction. He had held the office of 
President of a New York temple and had been a member of the administrative 
board of a national Jewish religious organization for 5 years. 

He had alwaj's lived at home and stated that he got along well with his 
mother and step-father. He liked golf, the theater, dancing and “other normal 
pastimes”; ice skating, tennis and skiing, "all these things that we all like to 
do. I like cruises in the winter time. Miami in the winter time. The nomal 
things.” He claimed to read a great deal, preferring "something with depth; 
I don’t like just plain fiction, autobiography, something with depth.” He 
professed to collect books, although he actually bought them only for their 
contents. He had played the piano as a younger man but had found "no 
opportunity since college days.” 

He denied that he was or ever had been ill, maintaining that his whole 
problem centered upon his placement in the Army. He felt that he had never 
been in a branch of service in which his own particular talents could find 
expression and although expressing his willingness to serve wherever he might 
be assigned, hedged his statement by the declaration that he could not “become 
interested” in anything but textiles, and that a number of officers had told 
him he should be in the Quartermaster Corps. He had appeared before an 
Officers Candidate Board shortly after his arrival at the Post requesting 
assignment to a Quartermaster school but was rejected. His commanding 
officer, he stated, had made every effort to transfer him out of the Infantry 
realizing that he was “no soldier,” and when all else failed had decided to 
attempt his reclassification. He had been sent to the Psychiatric Clinic with 
a tentative diagnosis of "neurosis” but declared he “made the mistake of 
putting it on too thick.” He told the doctor he felt aimless, blank and hollow 
inside, that he was listless and that one half of him didn’t know what the other 
half was doing. His days were "lifeless,” they “weighed upon” him, and even 
over the week ends when he was away from camp he felt depressed and dis- 
satisfied, brooding constantly upon his unfortunate situation. “The thought 
was lurking in the back of my mind even in the midst of my friends and all the 
confusion of this much-ado-over-nothing existence. Just filling up time.” 
When the psychiatrist had asked him regarding suicidal notions he told him 
he was "betwixt and between,” by which he meant that he had made no overt 
attempt but had frequently thought of the possibility. "In other words, my 
words indicted me, that’s the an.swer I guess. I put it on too thick with the 
Major and he sent me to the ward.” 

Finding himself among psychiatric patients and being intelligent enough to 
realize that this inferred a great deal more than simple reclassification tiie 
patient conscientiouslj'^ attempted to minimize his original statements and 
give an overwhelming impression of robust nonnalcy and hearty good health. 
He telephoned friends and acquaintances 1 to 3 times a daj’^ and kept up a 
great stream of correspondence in which he adopted a satirical approach to 
his hospitalization, assuring his friends that thej' "would surety get a laugh” 
out of his self-created predicament. Extracts from his letters are given below 
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Monday Afternoon 

“Start laughing” (watch taken away from me) 


Fortunately those characteristics 'which have been inherently imbedded m me nov' 
supply their succor and healing unto me. Placidity of disposition, a happy mien, plenty 
of reserve, etc. act as a solace— call it a time palliative for this unnatural life which is 
presently mine. Believe me— it sure strikes me funny for the while— but I’d sure loathe 
the idea of being confined here indefinitely. You take a healthy normal being and mix 
him in with some neurotics and such— peculiar changes might occur to even alter my 
stable being. It’s interesting for a few days to dwell in such a house. Thusly— I am 
enabled to obtain some perspective as to the feelings— moods engendered by others who 
must seek their shelter here. 

Reverting to how I landed here, it is certainly a case for the "Books” and I mean 
“The Strange Case of E. F.” As you well know, my Captain realizing that my poten- 
tialities in an infantry way are nil — proposed that I be re-classified. The Captain 
(doctor) at the dispensary— in order to state some cause for re-classification suggested 
“neurotic condition.” He advised me as to how I should state my case to the Major. 
The result of this interview, especially with reference to the wordy content on my part 
(I put it on too thick) landed me in this ward. Believe I have a word for it “All this 
and reclassification too.” However, it’s not worth it for too long, can you imagine the 
ups and “downs” that has been my course— Army-wise— and yet— how I still retain 
the faith that eventually I will be shifted to that branch of the service where all my 
“officers ” feel I definitely belong. ’Tis quite an experience but I do believe I can take it. 
I sorta feel like a martyr here- Yet let us say— this is the Army— and strange things do 
occur oft-times as a result. 

Would be interesting for the cause of posterity — to show my good business associates 
and friends a picture of myself midst these iron-bar surroundings. E. has now become 
Dr. Jekyll— the change from a complacent being to a harried— distraught personality. 
Ha. Ha. I would like to see their expressions upon being apprised of the above. (In 
a whisper— for fear I might take my life in my hands— am not even allowed a knife or 
a fork. However, one can eat with a spoon and like it.) The nurses are sure coopera- 
tive and evidence their patience with all of us i. c. always at our beck — call. Sh — 
I'm no problem— yet? .... 

Tuesday Afternoon 
Time unknown 


DeahR. 

Your references (“amusing and uplifting”) as to the condition I presently find myself 
in — certainly afforded me to use the vernacular a “Kick” — aside from my mother and 
B. nobody is aware of that E. of “old” who now is languishing away in a hotel room 
(I mean a different kind of room only kinda locked in) — because all this strikes me so 
funny — definitely jocular in note — ’Tis no strain to withstand this newly foisted way of 
living which has been invoked upon me. Believe though — if I was a “Victim” really 
allergic to some nervous disorder or call it some obsession or fixation then verily would 
this amount to a harrowing, nerve-wracking experience. As B. in her way describes it 
— as a stunt — so I gather unto myself better spirits to continue on with this hoax. 
Never within the stretch of my imagination or of those many friends who knew me — 
could I ever be pictured as a “depressed being” and no doubt B. informed you as to 
the ruse or method employed before I became ensconced in this strange den of mine. . . . 

It’s certainly a case for the Book. I believe I have a name for it — “All this and re- 
classification too.” Be assured that I still retain those Happy Spirits, my Design for 
living— and above all— I can take it. It is my fervent hope that I may be reclassified 
and thusly shall I be enabled to do that type of work which I am best fitted for (but 
never do I want a C.D.D. — no matter if I was over age — this would apply) .... 


Time — Thursday afternoon 
Scene — Lounging around in a Ward 

Dear .1. 

Received your characteristically well-seasoned and spicy letter today— and whilst 
under the spell of its charming contents contained there-in do I hasten to answer same. 

I .sure would like to have .seen the cxpre.ssion on your face when you noted the return 
addrc.ss. Yes E is now hospitalized— .and at the s.ame time very healthy. Quito an 
.anoinaly- -but somehow that seems to he the ease. This situation was affected by an 
interview 1 had with the Major regarding an ob.ses.sion— which I led him to believe 
was a verity— Naturally you m\i.st be wondering what. I’m up to now. It resol \'es itself 
to this (lUestion “whether I’m destine<l to remain in tlie infantry or be transferred unto 
that branch of the .service— to which I would be fully devoteil and at ease. - Was too 
impressive and dramatic in dwelling upon, my s.ad condition— with the result that 
immediately was I placed in a ward under observation Apparently— I who has 
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always been the master of words — now find myself indicted by them. With it all 
I cannot complain and am taking this lazy-much-ado-about-nothing existence in stride. 
’Tis quite an experience to find yourself in a hospital when you're rarin-to-go. Imagine 
this ever happening to me in civilian life. It seems that in the Army — at the slightest 
provocation — you're suspected — especially when I mentioned — “one half of me doesn't 
know what the other half is doing.” Don’t laugh too heartily. I promise you this 
that at our next reunion — many will be the laughs occasioned by this strange coinci- 
dence — (with the help of a “few drinks” to help the story along). So why write about 
it — Let’s give it a heading "All this and Reclassification too." .... 

The patient affected an elaborate vocabulary both in conversation and in 
his YTiting, but frequently misused words and succeeded only in ornamenting 
his native ingenuineness with somewhat inappropriate trappings. He unblush - 
inglj’- declared that he was “perfectly calm and relaxed,” although everything 
about him screamed of tension, impetuosity and barely restrained emotional 
and motor outbursts. He manifested a certain child like candor that pre- 
vented his disguising his real feelings even in his own interest, and in alternative 
phraseology admitted to essentially everything he had told “the Major” on 
his initial visit to the out patient clinic, with the single exception of suicidal 
ruminations which he completely denied. Regarding his statement that “one 
half of me doesn’t know what the other half is doing” he explained: “You can 
feel so abject at times that you are sort of vacillating within yourself whether 
j’^ou are doing right here (pointing to one side of his trunk) or doing right 
here (pointing to the other side). You don't know what course to take. I 
used it only to emphasize the situation. It sounds ridiculous but you know 
what I mean. You get a kind of feeling that way sometimes.” 

Direct enquiiy was useless with him since he replied in the negative to every 
query that had in his opinion the slightest overtone of abnormality. There 
was, however, no reason to believe that he experienced hallucinations, Pro- 
iectional notions, or a systematized delusional structure were not evidenced, 
he most assuredly was no hypochondriac and there was at no time any fl^v 
in his general sensorium. His intelligence was somewhat above average. He 
was unstable, highly keyed, precariously adjusted; a decidedly immature 
individual who had lost what security he had created for himself in_ civilian 
life and was genuinely out of his psychological depth in his present assignment 
in the Army. He had been attempting unsuccessfully to effect his own ‘ ciire, 
that is to re-create his civilian environment insofar as this was possible by 
getting into the Quartermaster Corps. 

It is doubtful that this man would have come to a psychiatrist’s attention 
in civilian life. The verj^ defects of bis personality were in some measure 
responsible for his material success, his “high-pressure” temperament, ms 
lack of objectivity, his sublime assurance that he was always right. It was by 
no means incomprehensible that he would have continued piling up profits 
for his employers, earning his handsome salary and devoting himself to “normal 
pleasures,” to religion, and to superficial love affairs for the balance of an 
honored and productive life. Those accidents of Fate which bring misfortune 
and trials to one may just as readily bring ease and comfort to another. Everj" 
reed is not leaned upon, everj" human defect tried in the fire. It is well for us 
all that this is true. E.F. was no soldier and the very roots of his personahtj' 
would have been dug up in making him one, still as a perpetual civilian in 
uniform the Army may yet have good of him. 

I have no answers to the questions raised in this paper, nor do I 
know where to find them. Out of my military inexperience certain 
possible means of simplifying and making more e.xpeditious the tasks 
of the Army psychiatrist occur to me, and out of ray naivete, certain 
suggestions of a visionary nature regarding experience and a body of 
training that could make the medical officer in this field more valuable 
to the Army. 

1. There seems to be every reason for tightening induction examina- 
tions. Every inductee could, if the machinerj' were suitably set up, 



haun: orientation of the aiuiy psychiatrist 169 

have a reasonably adequate psychiatric examination before taking the 
soldier’s oath. This subject is, of course, readily expandable into 
another monograph. From the point of view of the present paper, the 
local psychiatrist would inevitably be in a better situation to pass on 
the health of potential soldiers in his own county or even in his own 
state than on the status of the men in anonymous olive drab whom he 
meets later in military hospitals. With certain gratifying exceptions 
this is not being done. 

2. More careful classification of recent inductees. I cannot escape 
tlie belief that certain men have had to be discharged from the Army 
on psychiatric grounds who could have been useful soldiers if their 
capabilities and needs had been accurately understood at the beginning 
of their service and their placement had been more selective. 

3. Greater rapidity in the administrative consummation of dis- 
charges once they have been approved by competent hospital boards. 
It would appear that service records could be completed with greater 
dispatch and that the number of hands through ivhich the recommenda- 
tion for discharge now passes before final approval could be reduced. 

4. Establishment throughout the country of Recruit Reception 
Centers patterned after one at present functioning in a mid-W estern 
State and headed by a commanding officer of noteworthy vision and 
understanding, assisted by a permanent cadre of efficient officers fully 
acquainted with and sympathetic to his aims. Enlisted men are 
quartered in small units and receive an unusual degree of personalized 
attention from their officers. Classification is a deliberate and careful 
process. Professional psychologists and college graduates who have 
majored in psychology, of non-commissioned rank, live in intimate 
contact with the men and rotate in groups of 2 for regular tours of 
duty on the psychiatric wards of the Station Hospital. Here they 
receive daily lectures from the medical officer as well as regular assign- 
ments in the investigation of patients currently hospitalized. Their 
records are reviewed, criticized and often made a part of the individual 
patient’s chart. The psychiatrist is in the most intimate contact with 
the military training center and joins with the officers and psychologists 
at frequent informal conferences where both individual problems of 
recent inductees and general policies of the center are discussed. 

5. Closer contact between line officers, chaplains and psychiatric 
stall’s. It is at present rare for a patient’s commanding officer to visit 
the hospital for discussion of his problem and I am afraid unheard of 
for a psychiatrist to go to the patient’s company area in search of first 
hand information regarding him. The chaplain is, not infrequently, 
the first man whom many of the patients consult regarding their 
difficulties. Since there is no established military provision for this 
information to be passed on, it often fails to reach the ps.vchiatrist. 
Regular conferences of psychiatrists, line officers and chaplains con- 
ducted for the purpose of common education might well facilitate the 
work of all. 

Tlio author wi^ho.s to cxpre.-s liis appic-cialion (o Coloiiol Hany H. Towlcr, Coin- 
niaiKlitiK Odicor l.’h’U .'''ervico Unit, for Iiis courtoy in ni.akiiiK posaihle Uio i-linifal 
alniliy-- ini-i)r[K)rate<i in this report. 



170 


BENNETT, WILBUR; CONVULSITO SHOCK THERAPY 


CONVULSIVE SHOCK THERAPY IN INVOLUTIONAL STATES 
AFTER COMPLETE FAILURE WITH PREVIOUS 
ESTROGENIC TREATMENT* 

By a. E. Bennett, M.D. 

AND 

C. B. Wilbur, IN'I.D. 

OMAHA, NEB. 

(From the Department of Neuropsychiatric Rc.search, Bishop Clarkson 

Memorial Hospital) 

Thousands of patients with psychiatric disorders occurring in middle 
age and in involutional and presenile periods of life are constantly being 
treated with estrogenic substances. ]\Iany physicians believe, for 
example, that involutional melancholia is caused by ovarian deficiency. 
It is a daily incident to examine female neurotic or psychotic patients 
of all t 3 -pes from .30 to 60 years of age and hear that some doctor said 
their disorder was caused bj’^ “the change of life.” 

It has been our experience that estrogenic therapy has no value in 
these disorders; valuable time and large sums of money are needlessly 
lost; and eventuallj’’ most of these patients require adequate psj’’chiatric 
therapj" for lasting recoverjL We have therefore reviewed out records 
in order to compare previous estrogenic therapy with later combined 
psychiatric and convulsive shock therapy. 

For over 25 j-ears, manj’^ reports have indicated favorable results 
from administration of ovarian substances in involutional ps^'-choses. 
Strecker et alJ^ in 1922 reported encouraging results from use of corpus 
luteum and ovarian substances in involutional melancholia. Pharma- 
cologically-, these substances have been proved to be inert. ^ More 
recently- Werner,^® Hawkinson,^ Suckle,^'* Mazer,® Perusse,’^ Burlingame 
and Patterson'* have all reported favorable results. Werner*® and 
associates in 1934 reported not only^ relief of those suffering from actual 
menopausal sy’^mptoms and autonomic disturbances but also recoveries 
from involutional melancholia. Only' cases treated for 3 months or 
longer were reported. 

Burlingame and Patterson'* in 1941, reporting results of estrogenic 
treatment in 139 patients, said; “The most favorable results have been 
obtained in the depressions of the climacterium.” Of this group, 60% 
showed some improvement in about 40 day's. This improvement they- 
ascribed to estrogenic therapy-, although they- state it was only- part of 
the treatment employed; and y-et they- omit the rest of the treatment 
program. Davidoff and Goodstone® in 1942 recommended the use of 
estrogens in the mild involutional psy-choses which contain features 
resembling normal menopausal .symptoms; 62% of their patients 
improved. 

Recently, Davidolf, Reifeustein and Goodstone' reported tlie treat- 
ment of no female patients, 45 of whom were given dietliylstilbestrol. 

* PiC'^entcfl Ueforo the Arncneaii IVvclimlrie Ah.'*oeiiitioii, Mav II, 1913, Detroit, 
Mich. 
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They concluded that their results “indicate clearly that estrogenic 
therapy is most beneficial in involutional psychoses of the simple 
type.” However, they do not give their criteria for diagnosis of these 
cases except to call them “dei>ressions occurring in middle life and 
later years without evidence of oi’ganic intellectual defects or without a 
history of previous depression.” Neither do they give the total length 
of time during which treatment was administered. They do admit 
more than moderate discomfort from toxic effects in 22 of the 45 cases 
treated with diethylstilbestrol. 

Danziger,® who reviewed 164 such cases in the literature and added 
7 new ones, gives a more critical evaluation*. “Recovery or marked 
improvement in only 48% of a reasonable large series of adequately 
treated patients leaves something to be desired.” He adds, “Estrogen 
therapy cannot be specific for involutional melancholia in the female 
in the present state of ability to diagnose the disease.” 

It is well known that spontaneous recoveries occur within about 9 
months in 40 to 50% of true involutional depressions. Improvements 
in 60% of cases, as reported by various authors, is therefore, of no 
significance, especially since any treatment procedure whatever carries 
psychotherapeutic value. All such favorable reports tend to mislead, 
and, in our opinion, result from wishful thinking in therapeutic evalua- 
tion. Overwhelming factual evidence now shows that not 40 to 60% 
but a consistent 90% of depressive patients improve in a much shorter 
time with combined shock therapy and psychotherapy. 

In 1938, when one of us (A.E.B.)^ first reported consistently favorable 
results from convulsive shock therapy in all types of depressions, he 
stated*. Tn all previously tried chemical, endocrine or shock therap.y 
methods, such as hematoporphyrin, estrogenic, testicular or pituitary 
hormones, fever therapy and narcosis, no consistent effect in shortening 
the course of depression has been observed.” He later reported- that 
90% of severe depressions, especially involutional melancholia, clear 
up within 3 to 4 weeks after 6 to 8 convulsive shocks. Since these 
reports, many have confirmed these results and the specificity of the 
treatment. Even the most entliusiastic supporters of endocrine therapy 
do not claim relief for such a high percentage in so short a time. 

Ripley, Shorr and Papanicolaou^- in 1940, and Palmer^® in 1941, 
have stated that endocrine imbalance is not the primary nor rarely a 
significant factor in the development of mental disorders. Tlie prepsy- 
chotic personality factor and the psychobiologic makeup of the indi- 
vidual plus precipitating psychogenic factors are of major causal 
importance. 

Palmer's report'® in 1941, elaborates tliese factors pointing out again 
that the potential involutional melanclioliac betrays certain telltale 
personality characteristics throughout life. These individuals show 
rigidity in their personality makeup even in its earliest phases. Tliis 
fundamental rigidity* of personality causes resistance to p.s^•chic 
trauma and induces strong protective measures; such individuals lead 
constricted, narrow lives without mood swings or emotional upheavals. 
Their faulty personality traits remain the same throughout life; that 
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is, they may be chronically worrisome, compulsive or pcrfectionistic, 
but they do not correct or clear the mental horizon by changing mental 
trends. The psychotic phase is a culmination at middle age of the 
lifelong process and is prompted by the numerous psychic traumas of 
these years. Failing health, loss of productiveness, loss of relatives 
and friends, diminished vitality, fear of chronic organic disease, fear of 
sexual failure are only some of these psychic precipitating factors. 

In our study, about 500 case records of psychoses and psycho- 
neuroses occurring in female patients between the ages of .31 and 0.5 
during the years 1937 to 1943 Avere reviewed. Cases which had 
received estrogenic hormones as therapy for the mental disorder were 
collected. Seventy-five consecutive cases were obtained. These 
individuals had all received varying amounts, usually large, of estro- 
genic hormones over varying periods of time without benefit. On the 
contrary, they frequently got worse. These patients subsequently 
arrived in the psychiatric dejmrtment for hospitalization and rational 
psj'chiatric treatment. Of these 75 cases, 41 were classified as involu- 
tional melancholia; 12 manic-depressive, depressed type; 20 psycho- 
neuroses with anxiety and depressed features and 2 schizophrenia. 


Table 1. — Involutional Melancholia (41 Cases) 


.Average 

Age 49.9 

Duration of illness 1 yr. 10 mos. 

Length of estrogenic treatment . 9 mos. 

Duration of hospitalization . . 47 2 days 

No, shock 1} S 

Relapses 9 (5 recovered) 

Duration and typo of recovery . 1 yr. 3 mos.t 


Range 
40 to 65 
1 mo. to 12 yrs. 
1 mo. to 4 yrs. 
15 to 202 days* 
3 to 22 


3 mos. to 5 yrs. 9 mos. 


* The patient in residence 202 days was given a course of theelin in oil in the hospital 
hut made no progress over 5 weeks time. She was next started on insulin shock treat- 
ment, without progress. She was then given 22 combined insulin-mctrazol treatments 
with considerable clinical response but she gained no insight and promptly relapsed on 
leaving the hospital. This case is considered a complete failure, 
t Social, 12; full, 25; total, 37 (90%). 


Six patients in this group showed definite increase in their difficulties 
with the administration of theelin. This was particularly true in those 
who had outspoken sexual conflicts. Five patients who relapsed rnade 
either full or social recoveries with further treatment. Four patients 
were considered complete failures. One patient made a full recovery 
and was well and active for a year, when a recurrence of depression 
ended in suicide. It is of interest to note that those patients treated 
in the years 1937 to 1940 inclusive, spent an average of 6(5.4 days in 
the hospital; while those treated in the years 1941 and 1942 inclusive 
averaged only 39.9 days. This decreased time suggests improved 
treatment techniques, including the change from metrazol to electro- 
.shock. Three patients of this group were treated with psychotherapy 
alone. The following case is typical of this grouji. 

Case Study. Case 1. ,T.T., female, age 47, married. The hi.story obtained 

from the_ husband indicated that the patient was a verj' conscientious, meticu- 
lous, rigid personality. Siie had been operated on 12 years previously for 
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tumor of the stomach; 9 j'cars previously she had had a cholecystectomy. Re- 
covery from both operations was uneventful. The couple had no children but 
had adopted their 6 weeks old niece. The husband dated the present illness 
back 5 years when the patient was about 42. Their mode of Imng, though 
somewhat restricted, was entirely satisfactory including marital adjustinent, 
until this time when the patient became mildly depressed and progressively 
frigid. During the last 3 years before admission she had become increasingly 
incapacitated because of restlessness, depression, insomnia and anorexia. For 
7 months prior to admission her home physician gave weekly treatments of 
10,000 units of theelin; her symptomatology increased. She was then brought 
to the psyehiatric unit and treated with tubs, massage, vitamins and insulin 
for weight gain. There Avas no relief of the psychologic condition after 5 Aveeks 
of treatment. 

Immediate affective gain followed 5 curare-metrazol treatments but on 
referral to an ophthalmologist for eye examination an acute panic state de- 
veloped. Therefore 5 more shock treatments Avere given Avith full social 
recovery. However, her insight Avas markedly limited. At the end of a year 
and a half mild insomnia and complaints of imvard nervousness and agitation 
recurred. She Avas readmitted to the psychiatric unit and given 5 electroshock 
treatments combined AAuth curare over a period of 17 days. She Avas dismissed 
in excellent condition Avith considerably more insight. For the past 2| years 
she has been entirely Avell, has done all her oAvn houseAvork and has assisted 
her husband Avith farm Avork. Recently she reported helping to harvest the 
corn crop, Avork Avhich she had not been able to do the past 8 j^ears. She has 
gained 50 pounds in Aveight. 


Table 2.— Manic Depressia'b Psa'chosis, Depressed Tvpe (12 Cases) 


Age . 

Duration of illness .... 
Length of estrogenic treatment 
Duration of hospitalization 

No. shock K 

Relapses 

Duration and type of recovery 


Average 

46 

1 yr. 2 mos. 
4.2 mos. 

42.5 days 

S 

2 

11 yrs.* 


Range 
•37 to 61 
2 mos. to 3 yrs. 
11 mos. to 1 yr. 
10 to 62 days 
5 to 12 

4 mos. to 4 yrs. 


* Social, 3; full, 9; total, 12 (100%). 


The course of the patient remaining in the hospital 62 days Avas 
interrupted by 2 weeks of febrile disease. One patient in the group 
Avas treated by psychotherapy alone. Three patients shoAved a definite 
increase in their psychic difficulties Avith the administration of estro- 
gens. Both patients who relapsed subsequently recovered Avith further 
treatment and have remained AA’ell. The following case is typical of 
this group. 

Case 2. L.B., female, age 47, single. Medical histoiy shoAved pneumonia 
at the age of 4 and a pelvic “eAuscerotomj’'” at the age of 45. The patient’s 
personal history shoAved a stoimy deA^elojAmeutal period. At the age of 7 she 
lost her father by death and 5 years later, her mother. She took these losses 
very scA-erely and Avas depressed. In school she made a good adjustment, Avas 
friendly and sociable but Avas obliged to giA'e up nurses’ training because of an 
overly-sjTupathetic reaction to her patients’ ills. She completed business 
college successfully and adjusted Avell to a secretarial position. Her hobby Avas 
fancy and figure ice-skating Avith many exhibitions. In adult life she had an 
open, friendly personalitj^ but Avas inclined to be sensitive. Serious depressions 
folloAved tAvo unhappy loA-e affairs. A flirtation Avith her employer brought on 
a third depression together with loss of self-confidence, severe self-condem- 
natorj^ ideas and syphiliphobia. She Avas depressed, seclusive, agitated and 
actively suicidal with many guilt feelings over physical contacts in her skatina 
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exbi!)itions and in the a pSd*Sri\'m KkSly increased the 

stilbpstrol and gonadosen gi%en tor a penon 

sexual tensions. ri^rinrOuent and before therapy Avas 

After admission to geven curare-electroshock treat- 

begun, she made a serious at sui^ 

on^s «h=r tre»tn.c„t, « wki,.. 

full time and carrying on her fonner social activities. 


T.«i.a 3 .-M 1 XED PSYCHONEUKOSES (20 Cases) 


Age ■ • .■ , 

Duration of illness . . • ■ 

Length of estrogenic treatment 
Duration of hospitalization . 

No. shock B 

Relapses 

Duration and type of recover!' 


Batige 
30-69 

6 wks. to 20 yr.s. 
0 wks. to 10 yrs. 
15 to 84 days 
5 to 15 


Average 
42.5 

5 yrs. 9 mos. 

1 yr. 3 mos. 

38 days 
5 

2 ,, 

1 yr 9 mos.t ^ 

. ?r^rpt 2 i‘:r»'s:.t™ *»-.»•: r .3 

The patient whose shock 

S?^ee days after shock treatment 

members of her family tone but relapsed within a 

for chronic right v„? At tire aee of 20 she went to f 

ovan' were removed without relief. ^ jna and treated her with 

doctor” who made a diagnosis of ^ th m the gi finding out 

Saily manual massage; she voluntarily stopped ^ 
that he was a quack. At 21 the part of the left ovary was 

because of continued right lower Tronic backache. In/ection of 

removed and a curettage was done , , several months. At 26, the 

the abdominal wall kept the patient bedfast ^ backache and the 

patient lost her mother. Another curettage v as uom a trip to 

vagina was packed to push the uterus m o p ■ menstrual pcdod® be- 
Califomia was prescribed for ^crvousn^s^ A ' ” j accidents. There- 
came irregular, on 2 occasions were PffP™J?o™arious complaints, 
after .she spent a few days m the hospital each y ear t patient had severe 

Six weeks prior to admission to the psy Within thi.« 

insomnia, gastro-intestinal upsets and spells o -^dinm amvtal and was 
(^weeks period she used 500 three grain capsules ?^^®«T^„Stby mouth, 
given 2.5,000 units of theelin weekly, with the mtient's father 

The sexual history shows early' sexual traumas mflicted by ^nt and 

and a hired man, with marked interference in p^’ . ‘ ^1 affairs. She 

with sub,?equent poor marital adjustoent and ", 41 davs of hospital- 

responded rapidly to psychotherapy and was dismissed npvsisted for over 

ization markWly improved. Her excellent adjn.rimcnt has peisisteu 


.) voars. 
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Two cases Avere diagnosed as schizophrenia of the paranoid type. 
From a psychiatric view, estrogen treatment was obviously not indi- 
cated. However, one patient had had surgically induced premature 
menopause and received estrogens for 3 years. The severe meno- 
pausal symptoms ivere partially controlled, but the schizophrenic 
reaction was not affected. 

Treatment Given. On admission, patients were given exhaustive 
general physical and laboratory studies with a period of psychiatric 
observation in an attempt to establish rapport and seek conflictual 
material before instituting shock treatment. Of the 75 patients, 64 
received some form of shock therapy but in 11 cases psychotherapy 
alone sufficed. Since the introduction of curare,® its use ha^ been 
routine, first Avith metrazol and later Avith electroshock to avoici trau- 
matic complications. A course of from 6 to 8 shock treatments over a 
period of 2 to 3 Aveeks is the rule. During hospitalization adequate 
nutrition is rigorously managed, and in the underweight group sub- 
shock doses of insulin are used to stimulate appetite. 

We consider the use of sedative therapy valueless; sleeping habits are 
carefully Avatched and controlled Avithout sedation. During treatment 
the patient is isolated from relatwes and friends. All activities, includ- 
ing occupational and recreational activity and bibliotherapy are pre- 
scribed individually. FolloAving active shock treatment, patients 
remain in the hospital from 10 days to 2 Aveeks for reeducative psycho- 
therapy. After dismissal, patients are folloAved through office inter- 
vieAvs as necessary. In the occasional case of relapse the patient is 
readmitted or treated as an outpatient. 

The consistent change in affect of these patients folloAving convulsive 
shock therapy proves a near specificit 5 ’^ of method never heretofore 
seen in psychiatric therapy of these disorders. HoAvever, it has been 
found that many patients have relapses or recurrence of their disorder 
at a later date unless psychogenic problems have been soh^ed by 
psychotherapy. It is a necessary adjunct to shock treatment. 

We no longer consider conAmlsive shock therapy dangerous in the 
presence of cardiac disease, arteriosclerosis, or changes due to the aging 
process, AA'hen curare is used to soften the convulsive seizures. While 
hazards are increased by these factors, softening the convulsion cer- 
tainly minimizes the strain upon skeletal, Ausceral and Amscular systems. 

Conclusions. Seventy-fi\'^e consecutive cases of midlife and inA'olu- 
tional mental disorders Avere obtained from the study of about 500 case 
records. All of these had received Amrying amounts of estrogenic 
hormones Avithout benefit. 

This series Avas treated with conAmlsive shock therapy and psycho- 
therapy or Avith psychotherapy alone, combined Avith thorough psychi- 
atric supervision. Under this treatment, 90% shoAved social or full 
recoA’^ery in 4 to 6 AA'ceks. 

Estrogenic hormones have no place in the treatment of psychiatric 
disorders except for symptomatic relief of vasomotor symptoms. Con- 
vulsive shock therapy is a near specific for the relief of all t.A’pes of 
affective disorders, especially inA'olutional melancholia. 
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These facts need wider dissemination before the general and psychi- 
atric professions to save time and expense of needless non-scientific 
treatment in this misunderstood group of patients. Estrogens should 
further be condemned because they may be harmful and often make 
the psychiatric disorder more severe. 
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THE ENDOCRINE FACTOR IN HOMOSEXUALITY 
Report of Treatment of 4 Cases With Androgen Hormone 
By Louis A. Lurie, M.D. 

DIRECTOR 
CINCINNATI, OHIO 

(From the Child Guidance Home of the Jewish Hospital) 

It is now realized that homosexuality is very widespread among all 
classes of society and furthermore that it is apparently on the increase. 
According to some authors, its increase seems to have paralleled tiie 
growth of civilization. Thus Alfred C. Ivinsej^® states “tliat something 
betiveen one-fourth and one-third of all the males in any mixed-age 
group has had some homosexual experience.” Among primitive 
peoples and savages, homosexuality appears to be almost non-existent. 

^'arious theories have been presented to explain homosexuality. 
The explanations jiroposed have varied from the purely physical to the 
]3urely psychologic. Kralft-Ebing^ believed in the hereditary basis 
Avhile Hirschfeld- proposed a “psychoglandular” condition as tlie 
underlying factor. Freud^ postulated still another theory: namely, 
tliat homosexuality in substance was the result of an imperfect- or 
abnormal solution of the Oedipus complex and castration complex in 
the case ol the boy and of tlie Rlektra complex in tlie case of tlie girl. 
Many ol I'nMid’s disiajiles liave suggested eoiisiflcrably difl'erent views. 



LURIE : ENDOCRINE FACTOR IN HOMOSEXUALITY 


177 


However, they all agree that the psychodynamic approach to the 
study of homosexuality tends to show the importance of the psycho- 
sexual experiences of childhood in determining the future sexual 
behavior of adolescents and adults. In particular, according to most 
psychoanalj^sts, the development of the homosexual can be traced back 
to the unwholesome personal relationships between parents and their 
children existing in the home. 

It would take us too far afield to present all the objections and 
criticisms that have been raised against this point of viewc Suffice it to 
say that even Freud finally admitted that in many cases .of homo- 
sexuality a constitutional (endocrine) factor is present. 

Homosexuals have been usually divided into twm broad groups, 
overt and latent. The overt homosexual, as the name implies, is one 
who has committed homosexual acts. The latent homosexual is one 
who has not as yet committed any homosexual act but whose behavior 
can only be explained on the basis of repressed homosexual drives. 
Such individuals as a rule, sooner or later, resort to overt homosexual 
practices. 

Probably a better classification and one that might avoid some of the 
criticisms directed at the purely psychoanalytical concept of homo- 
sexuality is that of innate and acquired. The psychopathology of 
acquired homosexuality may be correctly explained on the psycho- 
analytic basis as outlined by Freud and his disciples. The condition 
of the innate homosexual, on the other hand, can be best explained on 
the basis of the presence of a somatic factor in the form of an endocrine 
disorder. 

Anthropomorphic studies as w'ell as endocrine studies have not 
revealed a specific body structure that is characteristic of the homo- 
sexual. On the other hand, the passive male homosexual has certain 
mannerisms of speech and gait and actions that stamp him as “sui 
generis.’' The “fairy” is easily recognized. To a lesser extent, the 
same is true of the masculinized female homosexual. These structural 
changes are readily correlated wdth disturbances in the functioning of 
the endocrine glands, principally the pituitary gland and the gonads. 
In this connection, the studies of the androgen-estrogen output of 
homosexuals have been very illuminating. Thus Neustadt and 
jMyerson,® in a quantitative sex hormone study of 29 overt homosexuals, 
found a marked disturbance in the normal androgen-estrogen ratio. 
The deviation from the norm took one of two directions: (1) a decrease 
in the androgens combined -with a normal amount or excess of estro- 
gens; or (2) a normal amount of androgens combined wuth an excess of 
estrogens. 

The e.\-periments of Young and Rundlett® may also be cited in this 
connection. These e.xperimenters produced homosexual aetivity in 
spayed female guinea pigs by treatment with estrogen and progestemne. 

In the case of the innate homosexual, the endocrine factor is pre- 
dominant. As a result of the endocrine dysfunction, the individual 
develops al)normally both structurally and functionally. His physio- 
logic and psychologic functionings become markedly disturbed witli 
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resultant distinctive abnormal behavior. The direct effects of the 
endocrinopathy, therefore, is to cause the individual to stand out as a 
sexual deviate. However, in addition to these direct effects, there 
may be indirect effects which may still further modify the individual’s 
behavior and personality.® These indirect effects are dependent upon 
the individual’s emotional reactions to his own deficiencies. How the 
individual will react in such a case will naturally depend upon his 
previous emotional and social experiences. Hence, no two individuals 
will necessarily react in the same manner to the same defect. 

The fact that there is usuallj’^ a diminution in the secretion of the 
androgen hormone in male homosexuals has strengthened the belief 
of the importance of the role of the endocrine faetor in the causation 
of homosexuality, and has given impetus to the possible therapeutic 
value of the male sex hormones in the treatment of such cases. The 
homosexual is an unadjusted individual. Every homosexual act is a 
delinquent act and is so labeled bj'^ society. The liomosexual verj’’ often 
also becomes involved in criminal acts of the most sordid type. Any 
treatment that offers relief in these apparently hopeless cases is wortliy 
of a trial. There have been many reports in the literature concerning 
treatment of homosexuals with various endocrine preparations. Some 
of the earlier reports of the results of this type of therapy were unfavor- 
able. The recent reports, however, are much more encouraging. The 
better results may be due to the fact that more active and potent 
preparations of androgen hormones are now available. 

Thus, for example, C. A. WrighH reports the results of endocrine 
treatment in 14 male homosexuals. The hormone assays in all cases 
showed a very marked diminution. After treatment, with androgen 
hormones, however, they all showed an increased androgen output. 
Coincident with this change, an improvement was noted in the sexual 
behavior of 9 of the patients, 3 of them claiming to have become 
normal. Four reported improvement from other causes than .the 
endocrine treatment. One reported no improvement. 

The following 4 cases are reported to show the effects of androgen 
hormone therapy in adolescent male homosexuals. 

Case Studies. Case 1. W.H., a white boy aged 15 years, 9 months, was 
referred to the Child Guidance Home for observation because he was a serious 
delinquent. His delinquencies had started a year previous to his admissiom 
At that time, he burglarized a home. From then on his delinquencies increased 
in frequency and in magnitude. He was brought to court for the first time 
because he had run away from home and had been involved in a hold-up. In 
addition, he had presented a problem at school for a considerable period of 
time. He truanted frequently and his academic achievement was not on a par 
with his intellectual capacit 5 ^ 

The boy’s developmental historj’^ was essentially normal. He had had the 
ordinarj' diseases of childhood, but apparently with no serious complications. 

The parents described William as being personally verj"^ clean, meticulous, 
and particular. He was interested in athletics and enjoyed srvimming, fishing 
and camping. He never had many friends and never any close friends. He 
seemed to prefer the seclusion of his own company. He had never shown more 
than a casual interest in girls. Although he knew how to dance, lie made no 
In go to dances or to parties. When he was about 14 years of age, he 
made the acquaintance of a boy his age to whom he became closely attached. 
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At home he was very domineering and insulting. He came and went as he 
pleased and when questioned, threatened to run away. He had always been 
subject to temper tantrums. 

Even in grade school he was considered sneaky, insincere, untruthful, 
underhanded and impudent. He showed no interest in his work, but always 
managed to pass. In high school, he was also difficult to control and showed an- 
immature type of behavior. When thwarted, he would resort to temper 
tantrums in the classroom. On several occasions he carried a loaded gun to 
school. 

It was during his high school days that he began to rob and steal. The 
delinquencies in which he was involved have apparently always been in the 
company of his one close friend whose acquaintance he made at high school. 
On one night, the two boys burglarized 5 homes. Very often they remained 
awa}^ from home all night sleeping in the woods. 

When apprehended by the police, the boy was vei-y sarcastic, insolent and 
arrogant. He threatened to shoot certain people at the first opportunity. 
This applied especialty to the police and his parents. 

The social background in this case rvas apparently of the best. The father 
was a highly intelligent man who had always been a good provider. He was 
earning about SIO.OOO a year. He was greatly concerned over his son’s anti- 
social behavior, but was unable to offer any explanation for it. He had always 
been under the impression that their relationships had ireen very good and 
could not understand why the boy had turned against him. He was completely 
bewildered at the turn that events had taken. He reiterated over and over 
again that the boy had eveiy thing he needed at home and therefore there was 
no reason for his stealing. 

The mother Avas a personable individual who made a very good impression. 
vShe appeared kind and finn. It was apparent that she was the disciplinarian 
in the home. She appeared to be emotionally untouched bj" her son’s diffi- 
culties. The home atmosphere was congenial, the only quarreling occurring 
between the patient and his younger sister. The latter was a veiy intelligent 
girl who presented no problem either at home or at school. 

The physical examination of the boy, including the neurologic examina- 
tion, was essentially negative. The urinalysis, complete and differential blood 
count, blood Wassennann, and tuberculin tests were all normal. 

The endocrine examination revealed a hypogonadal status. The boy showed 
the eunuchoid type of skeletal development. He Avas 69 inches tall (2 inches 
above the aA'^erage for his age) and his span AA'as even greater, being 72^- inches. 
Interestingly, his bone age Avas only 14 years, shoAA'ing that he had great pos- 
sibilities for continued linear gi'OAA'th. 

His A'oice Avas still high-pitched and there was no sign of a beard on his face. 
His gait and mannerisms Avere- effeminate. The genitalia Avere exceptionalh- 
large Avith a female hair line. Basal metabolic readings Avere minus 2% and 
minus 5%. The glucose tolerance results AA'ere as folloAvs: 106 mg., 131 mg., 
93 mg. and 90 mg. 

On the Standard ReAUsion of the Simon-Binet test, the boy received an 
intelligence quotient of 120, thus rating him as an indiAodual of superior intel- 
ligence. In his ansAvers, hoAA-ever, there Avas a Avide scatter of successes and 
failures, Avhich was highly significant in aucav of his social immaturity AA’hich 
was startingly shoA\-n Avhen he Avas tested on the Vineland Social hlaturitA- 
Scale. On this scale, he rated as sub-aA'erage, his social quotient being 82.9. 

The behaAHor of the boy Avhile at the Child Guidance Home Avas that of an 
immature, effeminate and indecisiA’^e person. He Avas shy and timid and at 
first tended to AvithdraAv from the group. He never engaged in any boys’ 
games. Later he became very friendly Avith the much smaller and younger 
i)oys to Avhom he began to boast about his escapades. He bragged about the 
number of robberies he had committed and stated that there Avas no need to be 
afraid of committing such acts if one carried a gun. He also boasted about 
his pipe-smoking but privately admitted that it made him sick. He annoyed 
the younger Imys In- his at temiffs to kiss them and to fondle them. On .scA-eral 
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occasions he and another boj' were found in compromising jmsitions in the 
dormitory. Another effeminate boy who was being studied at the Home stated 
that William masturbated frequently, trying to get the other boys to perform 
various jrerversions with him, especiallj' fellatio. He even offered to pay for 
this service. When one of the older and more masculine boys became ill, 
William insisted on nursing him. He sat on his bed and ministered to the sick 
boy’s needs in a very motherlj’^ and loving manner. In general, in his social 
i'elationshi])s he could Ire described as a highly demonstrative, dependent 
woman. 

In the course of interviews, William admitted that he stole because he wanted 
lots of money and “to bolster my courage.” The year before his arrest he had 
formed a friendship with a very masculine boy of his age who was “very brave 
and had a great deal of courage.” With this boy," William was involved in 
30 stealing episodes. William never stole alone. In connection with these 
episodes, Bill obtained a gun. He admitted that “guns frighten me” but he 
felt that by “carrying a gun he proved himself to be a man.” He and his 
partner in thefts used to go out on frequent bicycle rides. He admitted that 
iDoth Avould masturbate as often as every half hour during these trips. His 
partner was particularly active. He also stated that his friend had had inter- 
course but “I get no pleasure out of fooling around with girls.” This was said 
with a great deal of disgust. It was evident that the other boy was the leader 
and both reckless and fearless while W. was really afraid. W. was extremely 
jealous of his chum and objected strenuously to the latter associating with 
other boj’^s. 

Another reason advanced by W. for carrying a gun was the fact that he had 
been frequentlj’’ accosted by men, especially colored men, who demanded that 
he perform fellatio on them. It was later brought out that the probable basis 
for this statement was that his dream life as well as his phantasy life were full 
of just such adventures, especially of being attacked by negroes. 

It was also brought out that he was scared every time he committed a theft, 
or burglary, but that it was “fun to be scared this way.” It gave liim the same 
thrill that he had following an ejaculation. . ., 

From additional material elicited during many interviews it was evident 
that the boy was suffering from the fear of castration by his father, i his was 
an ever-present threat to his security, causing a great deal of anxiety and the 
constant need to prove to himself that he was still a male. From the p^cho- 
dynamic standpoint; therefore, some of his behavior could be considered as a 
compensatory mechanism by means of which the boy attempted to prove Ins 
masculinity. , , 

Basically, however, it was apparent that the boy, because of the gonadal 
imbalance, was an innate and latent homosexual. 

Treatment Avith androgen hormone Avas commenced. The boy receh^ed deep 
intra-muscular injections of 25 mg. testosterone propionate”’ 3 times a Aveek 
for a period of 6 months, after Avhich they A\'ere giAmn tAvice a Aveekfor 3 months, 
and then discontinued entirely. * ^ , 

The results Avere startling. A decided change Avas noted in the boy's personal 
aiipearance. There Avas a groAvth of hair on the face and in the axillie. The hair 
on the mons assumed the male configuration. His voice became deep. Intei- 
estingly, Avhereas before treatment he had shoAvn a rapid linear groAvth, them 
Avas a marked lessening in this respect folloAving treatment. 

Coincident Avith these structural changes, there Avas a marked change in his 
personality. Instead of a fearful, highlj'^ emotional and demonstratiAm effem- 
inate boy, he became a pleasing tjqie of the aggressiA'e male. There Avere no 
rnore delinquencies. His sexual life also became normal. He fell in loAm Avith a 
girl to Avhom he later became engaged. 

At last reports (4 years after treatment) he Avas in the armed serAuce of hi.s 
countiy AA'here he has made a perfect adjustment. 

At no time during the course of treatment Avas any attempt made to treat 

* Noo-Hombrool, supplied IhroUKli the courtc.sy of Roclio-Oi'Kanon, Inc., Nutley, N. 
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the boy psychoanalytically. Psychotherapj; was limited to the explanation of 
the rationale of the use of endocrine medication in his case. 

Case 2. C.R., a white boy of 13, was referred for study to the Child Guid- 
ance Home because he had been involved in a series of petty thefts at school. 
The first stealing episode had occurred 2 years previously, at which time the 
boy had stolen milk from porches of persons living in the neighborhood. He 
had also taken 41 books from the school librarj’- which he never returned. Var- 
ious other minor thefts were also reported. In addition, it was noted that he 
did not associate with other children at school. He kept aloof and showed 
definite tendencies to withdrawal. 

The family history, while not unusual, was interesting. The home was a 
Irroken one, the father having deserted when the patient was 3 years old. All 
the children, of whom there were 5, were placed in a Children's Home. C. who 
was the youngest remained there for 3 years, which was a considerably longer 
period than that which his brothers and sisters had stayed. On his return 
home, he became extremely devoted to his mother, helping her with all her 
household tasks. The other children immediately nicknamed him “sissy.” 
There was a great deal of financial distress in the home, the economic status 
being most often just marginal. 

According to the personal history, the boy was a premature baby, weighing 
3 pounds at birth. His developmental history was entirely normal and no 
unusual medical incidents had occurred. 

In general, the physical examination was essentially negative. The blood 
Wassermann was negative. The endocrine picture was very suggestive. The 
boy was of average height but 15 pounds ovenveight. The fat_disfebution was 
principally of the mons-mammary-girdle type. There was no hair on the face 
or in the axillse. The genitalia W'ere small, with sparse hair present on the mons 
veneris. Two basal metabolic readings gave the following results: minus 
19.5% and minus 18.2%. His sugar tolerance was definitely increased, the 
readings on the glucose tolerance test being fasting blood sugar 88 mg., first 
specimen 121 mg., second 94 mg., and third specimen 87 mg. 

On the Stanford-Binet test, C. received an intelligence quotient of 99, 
ranking him as a boy of average intelligence. 

At the Child Guidance Home, it rvas noted that C. was verj”^ effeminate. 
He talked in a high-pitched girlish voice and walked with a mincing gait. His 
face was round and his cheeks were rosjE He was extremely neat about his 
person and always looked clean and well dressed. He did not engage in any 
rough play with the other boys. He was veiy easy-going and very seldom 
asserted himself. He was tractable and easily managed. He had a huge appe- 
tite and drank a great deal of water between meals. He alwa 3 "s asked for milk. 
He appeared extremelj’- phlegmatic and verj-^ sleepjo He yanmed constantlj". 
These characteristics were so marked that he was often asked if he felt ill or 
tired. He preferred being bj^ himself. When he was alone, he usually sat 
down and read fairy tales. He was ashamed of this sort of reading but per- 
sisted in it nevertheless. He appeared to daydream a great deal. An inter- 
esting fact about his fantasy life was that his mother alwaj's appeared in them. 
An outstanding characteristic of his fantasies about his mother was that she 
usually lived to be 300 years old. The boy admitted that he worried a great 
deal about his mother. She was hard of hearing and he was very much afraid 
tl\at she might some day go out on the street and, because of her deafness, 
meet with a fatal accident. He did not know what he would do without her. 
He was greatly attached to his mother and was verj- jealous of his sister when 
his mother made a fuss over her. It was also brought out that the boy still 
slept with his mother and until recently would often sit on her lap. The mother, 
on occasion, sat on his lain The mother admitted that the boy slept with hei-’ 
l)Ut in extenuation said that she alwa 3 -s looked iipoJi him as a girl. When C. was 
questioned about sex, it was discovered that he was rvell informed, but that 
sex as such held very little interest for him. He admitted that he had mastur- 
bated oceasional! 3 '. 

In reviewing the findings, it was felt that the boy's asocial and antisocial 
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beha-^nor was due to both exogenous and endogenous factors. From the 
psychodjTiamic standpoint it was apparent that the desertion of the father 
with the resultant placement of the boy in an orphanage plus the continuous 
economic stress in the home had given the boy a marked feeling of insecurity. 
The feeling of insecurity was further heightened by the fact that liis only 
anchorage, namely his mother, was sick and physically handicapped and 
therefore might be suddenly taken away from him. The economic and social 
and emotional deprivations could thus readily account both for his antisocial 
irehavior and for the obvious mother fixation. 

However, the boy’s endocrine condition could not be overlooked. The 
bo 3 '’s personality make-up was definitety in line with his glandular make-up. 
He was sleepj' and tired all the time. It was difficult to arouse him in the 
morning. The boj"^ was sluggish both mentally and physically. That is why 
he hated school despite the fact that he w'as of average intelligence. In addi- 
tion, he Avas shy', timid, effeminate and lacking in aggressiveness. All these 
traits are characteristics of the a'dolescent male suffering from dystrophy 
adiposo-genitalis. Additional phy.sical characteristics of this glandular dis- 
turbance are the increased appetite and abnormal thirst. In this case the boy 
loA'ed to drink milk and his petty thievery' was essentially limited to stealing 
milk. In other AA’ords, his stealing was not that usually' associated with hostile 
aggre.ssive ty'pe of behavior. Eather it was a reaction called forth by' an inner 
elemental urge due to a pathologic condition. 

The psychopathology' in this case, therefore, apparently involved situational 
factors as Avell as endocrine factors. It was felt that the boy would profit from 
psy'chotherapy' and endocrine therapy. Both were recommended, but unfor- 
tunately' neither was carried out. 

Three y'ears later, the boy' was retunied to the Child Guidance Home Avitb 
almost the identical complaints. His truancy' from school was chiefly stressed. 
At this time, C. presented a somewhat different picture than the one he had 
Avhen he was first studied. He had gained markedly in Aveight and his responses 
Avere A'ery ’sloAA'. His effeminate appearance A\'as eA'en more pronounced than 
before. He giggled, smiled, rested his hands on his hips, rolled his eyes and 
tossed his head and expressed indignation exactly the AA'ay a girl does. He 
AA'ore a bracelet AA’hich he himself had made. AVhile sitting in the chair, he 
sAA'ung his hips about and held his head in his hands, saying, “Oh. dear. Oh, 
dear,” every time he Avas asked a question. , 

Reexamination of the boy' shoAA-ed that in the past 3 y'ears the boy' had 
gained 42 pounds in AA’eight and had groAvn 7 inches in height. He AA'as Zt 
pounds oA'erAA'eight for his height Avhich A\'as aA'erage. His face Avas round and 
plump. There AA'as no hair on his face. His general appearance Avas that of a 
girl. His breasts AA'ere large and his hips broad and rounded. The excessive 
fat Avas distributed principally' OA'er the hips and thighs. The genitalia Avere 
normally' deA'eloped, but the hair oA'er the mons had the female configuration. 
His B.M.R. Avas —3% and the glucose tolerance test gave the folloAi'ing read- 
ings: fasting blood sugar, 117 mg.; first specimen (often 100 gm. glucose), 
121 mg.; second specimen, 121 mg.; third specimen, 95 mg. According to 
the androgen assay, he secreted 8 I.U. in 24 hours. 

In interA'icAvs Avith Avorkers, the boy' spoke of his truancy' and said that he 
hated gy'm because he was ashamed of his body'. That Avas Avhy he play'cd 
hooky' from school. He realized that he Avas built like a girl, fie admitted 
that he Avas afraid to play Avith boy's of his age and, although he resented being 
called a “sissy',” he realized that it AA'as a proper nickname. He AA’ished he 
could be born over so that he could start all OA'er and be a real boy'. • He den^d 
haA'ing had any' sex experiences or haA'ing practiced any' sex perA'ersions. He 
still slept in the same bed As'ith his mother. Although he Avent Avith girls Avho 
permitted all kinds of liberties, he ncA'er took advantage of his opportunities. 
He said that he had neA-er had the de.sire for sexual intercourse. He loA'ed 
nature, art and good music. He had a pa.««iA'e, submissive, effeminate ty'pe of 
jiei-sonality. 

It Avas apjiarent that the boy had insight into his condition and as a result 
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had developed a marked feeling of inferiority. This had caused him to seek 
escape by withdrawing from normal social contacts. The latent homose.vual 
trends were also becoming more and more noticeable. 

In view of the outstanding importance of the glandular condition, treatment 
with testosterone propionate was conunenced. The boy, however, was unco- 
operative, and did not report regularly for his treatments. He became involved 
in overt homosexual practices for which he was finally apprehended by the 
police. The boy was terribly mortified and attempted suicide. He wrote a 
note to his mother in which he said that he knew he was different from other 
boys and therefore hated and despised himself. All he thought of was suicide. 

The boy was urged again to try medical (endocrine) therapy. He consented 
and this time he cooperated fully. The results were highly gi-atifying. 

His body build soon changed. He lost in weight and his appearance became 
more rugged and manly. Hair grew on his face and in the axillae, and the 
pitch of his voice was definitely lowered. Coincident with these phj’^sical 
changes, there was a change in his personalit}’^ traits. From a shy, timid, self- 
effacing, effeminate looking individual he became an aggressive male adolescent. 
At present he is in the armed forces where he has made a good adjustment. 

Case 3. L.B., a white male age 22, was referred because he was extremely 
nervous. His nervousness took the fonm of marked instability, hysterical 
spells and temper tantrums. He Avas easily angered and often “felt like 
screaming.” When thwarted, he pouted or had temper tantrums during which 
he Avould “break things.” According to the patient he had been nervous all 
his life. 

The patient Avas a very slender young man. He Avas 67 inches tall and 
Aveighed 109 pounds. His gait and mannerisms Avere definitely those of a girl. 
His voice Avas A'^ery high-pitched. 

The general physical examination AA^as essentially negatiA^e. The pertinent 
endocrine findings shoAved that he had a eunuchoid type of skeletal develop- 
ment. His skin Avas smooth and fair. The hair Avas soft and AvaA^y. There 
Avas no hair on the face or in the axillse or on the chest. The genitalia Avere 
normal in size but there Avas practicallj’^ no hair on the mons veneris. The 
cremasteric reflexes Avere absent. The prostate gland Avas easily palpated. 
His B.M.R. Avas —4%, and his androgen output aa'ss 10 I.U. in 24 hours. 

In conversations AA'ith the patient, it Avas learned that he Avas attending a 
school in order to become a “beautician.” He “just loved” to beautify Avomen 
and he thought that it Avas “marvelous” to be able to make a coiffure. He 
thought his nervousness Avas due to the fact that he had a high-pitched Amice. 
He Avas Amry conscious of this and justly so. His voice Avas definite^ that of a 
girl. He had had to listen to the taunts of his friends about his being a girl 
but, although he raged iuAvardly, he felt that there Avas nothing he could do 
about it. The jibes and jeers Avere all the more pointed because of his feminine 
mannerisms and gait. His choice of occupation only served to enhance his 
female characteristics. 

The patient had ahvays been aAA'are of his deficiencies and, as a result, had 
developed a marked feeling of inferiority and insecurity. At home, the situa- 
tion Avas aggravated by the fact that his father had openly rejected him. The 
father admitted that he Avas disappointed in his son Avho from childhood had 
never shoAvn any inclination to be a “real boy.” He had never played baseball 
or football, neither had he taken part in any sport that Avas considered rough. 
His lack of Aurile masculinity had ahvays been outstanding. The jiatient 
admitted that he occasionally had an erection but these occurred verj' infre- 
quentlj-;. He masturbated noAv and then but he Avas not certain if there Avas 
any emission. There Avas absolutely no sexuial urge. He liked pretty Avomen, 
but only in the same manner that one liked a beautiful picture. He told Avith 
some signs of pride that he had been keeping steady company with a girl but, 
on questioning, admitted that there had been no sex play between them. In 
fact, in the 4 years that he had been calling on the young lady, he had not even 
ki.s.sed her once. He claimed that he liked her because she had pretty hair and 
her hands Avcre veiy beautiful, ilcn had made advances to him but he Avas 
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hotli Jifraid and rojjellcd by their roughness. Hoivever, lie did confess rather 
reluctantly that certain men did appeal to him, but he could not exactly 
do.«cribe the emotional state aroused in him by them. 

The ])aticnt was given dccji intranmscular injections of 25 mg. of tcstn.sternac 
proinonate every other day for several months. Gradually various changes 
were noted. Hair began to grow on the man’s face and che.st as well as in the 
axillfc and over the mons veneris. His voice began to break. All the sjnnptoms 
of beginning pul)erty appeared. Tlic patient reported more fre(]uent and 
longer erections and later an occa.sional nightly emission. 

Coincident with these devciojnnent.s, there were marked changes in his 
attitude and behavior toward the ojjjioaite sex. He reported that for the first 
time he was beginning to notice and to comment on the various physical charms 
of the girls with whom he came in contact. Stranger still, he felt an urge to 
touch them and to embrace them. His "fianede” was rather amazed and 
provoked at his descrijition of the sex allure of the various girls at the beauty 
])arlor where he worked. He atoned for this by becoming more amorous and 
attentive toward her. For the finst time he understood and appreciated the 
innuendoes in the risqiid stories that his fellow workers told. Little by little, 
as his treatment progressed, he became more and more masculine both in his 
ap])carance and in his behainor. One day he announced that he was disgusted 
with liis work; that hair setting was a job for girls and that he would obtain 
work that was manly. This he jrrocceded to do. Shortlj" thereafter he was 
married. His sex life has been perfectly nonnal. At the beginning of treat- 
ment examination of the semen failed to reveal the presence of active speij 
matozoa. However, as treatment continued, this condition was rectified and 
his wife soon became pregnant. • . . , 

Case 4. Il.O., a white boy of 13 was referred by his family jdiysician because 
of his elTeminacy. In school, the other bo 3 's called him “sissy” because of Ins 
feminine mannerisms, action.s, and high-pitched voice. . 

The personal social and familj' histories were e,ssentially negative, ine 
same was true of the general phj'sical examination. The endocrine examination 
revealed tlie following pertinent facts: i j 

The bojf had the female tjqie of skeletal development; the pehas was broad 
and he was knockkneed. His xvaist was extremelj' small, and his fingere vere 
long and delicate. His skin was fair and smooth. His face was veiy feminine 
looking, the skin being veiy fair and higblj’’ colored. There was no hirsut^m 
either on the face or in the axilla?. His breasts were exceptionally large, i lie 
penis and testes were normal in size but there was a female hair line. 

Androgen detennination shorved a secretion of 7 1.U. in 24 hours. 

From interxdews with the boj' it Avas learned that he realized that he aa as 
not as masculine as most boy^s and that he had tried to compensate for this by 
forcing himself to become interested in athletic sports. In this he had not 
been verj'^ successful. He Avas more successful in amateur dramatics. He liked 
to study and Avas on the honor roll in his class. When younger he plaj'cd only 
Avith girls. He helped his mother Avith the household tasks and particular^' 
enjoyed helping Avith the cooking and baking. 

At the age of 10 he began to haA'e nightlj' emissions. These Avere accom- 
panied by Advid dreams. In these dreams a naked man Avho was being AA-hipped 
unmercifulfy by another man would appear. The boj' used to look foiwimd 
to these dreams, as they gave him a great deal of emotional satisfaction. He 
did not understand the nature of the emotion that AA-as thus aroused. The 
men in the dreams Avere alAA'aj's big muscular broad-shouldered indiA'iduals 
Avith slender waists. 

For the past year he had begun to masturbate during these dreams. Re- 
cently the dreams varied someAvhat from the original dreams in that the one 
naked man tortured the other by either burning his penis or by' sticking pins 
into it. 

He admitted that seA'eral times he had seen boy's and men of this particular 
build naked and that they had aroused a strong sexual urge in him. Girls 
never aroused him in that manner. He had often seen his mother in the nude 
but she had neA'er aroused any' sexual desire in him. 



AlUioligh be hiu\ been greatl}' aroused on various occasions by the sight of 
nude boys and men, he had always been able to restrain liimself from embracing 
them. Such sights, however, would produce strong erections and a great desire 
(o masturbate. 

The boy had practically no knowledge of the anatomy of the female sexual 
organs nor of the physiologj' of sex in general. He did not kno^v hon’ the 
sexual act was performed. ■ 

Treatment with testo.sterone irropionate wa.s instituted. Injections of 25 mg. 
were given 3 times a week. As improvement was noted, the iirjections 
were gradually reduced to twice a week. Recently they were discontinued 
altogether. 

The first improvement noted was a change in the pitch of the boy’s voice, 
which became much lower. Hair began to grow on his face and gradually his 
whole physical contour changed. He lost his feminine curves and his breasts 
became smaller. The boys stopped calling him "sissy” and began to cultivate 
his friendship. 

Interestingly, he told that, coincident with these stvvrctuval and pevsoirality 
changes, the content of his nightly dreams had changed. He began having 
dreams with heterosexual content. A woman entered into the dreams; at 
first she merely undressed the man and admired his slim waist and muscular 
build. In succeeding dreams, the woman also undressed. The man would 
touch her breasts and then they would both go to sleep. These dreams did 
not excite him and never led to orgasms. 

After 6 months of treatment, he began to feel a thrill wlien standing next 
to a girl. He noticed that he desired the company of girls more and more. 
Boys did not thrill him any more in the manner they had fonnerly. When 
finally discharged, he was in all respects, a normal male. 

Discussion. The need for the psychosomatic approaclr to tire study 
of homosexuality is demonstrated in the 4 cases that have been pre- 
sented. Or rather, the term somatopsychic should be used as hereto- 
fore, the psychic component has been overemphasized in discussions of 
the etiology and pathology of homosexuality. The somatic or consti- 
tutional factor has not been sufficiently stressed. 

If we employ the suggestion of dividing homosexuals into two groups, 
innate and acquired, it will be seen tliat these 4 cases can be classified as 
innate homosexuals. Only one of them liad resorted to overt homo- 
sexual practices before treatment was commenced. The homosexual 
trends and drives of the other 3 were obvious and unmistakable. 
Obvious also was the fact that their innate homosexual drives Avere due 
to endocrine dysfunctions. As a result of disturbed gonadal secretion, 
the boys failed to develop normally both structurally and functionall 3 ^ 
Their resultant behavior was such that it stamped them as sexual 
deviates of the homosexual type. This represented the immediate and 
direct effects of the endocrinopathj'^ upon the patient’s behavior and 
personality. 

In addition to tliese direct effects, hoAveA'-er, there A\'ere indirect 
effects which varied in each case. These indirect effects on the patient’s 
behavior and personality were due to tlieir emotional reactions to the 
awareness of their OAvn physical shortcomings. 

These emotional reactions are very important, as they often furnish 
the motivation for the individual’s behaAnor toward his social milieu. 
Very often such motivations are operative at tlie unconscious level. 

Hoav an individual will react to the aAvareness of an organ deficiency 
will depend largely upon his intellectual and emotional endoAvment 



and upon tlic nature of his past experiences. Hence, no two individuals 
nc'prl necessarily react in the same manner to similar defects. This is 
well illustrated in Cases 1 and 2. Botli of these boys were aware of the 
fact tliat they were different from other boys in certain specific respects. 
Each, however, reacted differently to this knowledge. W.H. (Case 1) 
reacted to his lack of masculinity by developing a marked feeling of 
inferiority and insecurity for Avhich he tried to compensate by assuming 
an attitude of superiority. By adopting the role of a bandit and gun- 
man, he hoped to prove his masculinity both to himself and to the 
world. 

C.Il. (Case 2) also realized his lack of masculinity and also developed 
marked feelings of inferiority and insecurity. However, his reaction 
to this situation was difierent from that of W.H. (Case 1). Instead of 
compensating for his feeling of humiliation by developing a hostile, 
aggressive type of behavior, he became neurotic. His neuroticism 
manifested itself in various ways, culminating finally in an attempt to 
escape from reality, first by merely withdrawing from all social contacts 
and, when this failed, by attempting suicide. 

Similarly the choice of occupation by L.B. (Case 3), namely that of 
hair stylist, can be looked upon as an indirect eftect of his gonadal 
insufficiency. 

The differences in the reactions of these boys to the knowledge. of 
their constitutional deficiencies can only be explained on the basis^ of 
the differences in their past social and emotional experiences. Ihe 
importance of these indirect effects can not be overemphasized, as very 
often they furnish the leitmotif for the individuals reactions to liis 
social milieu. 

In all 3 cases, treatment with testosterone propionate brought about 
both structural and functional changes with resultant disappearance 
of both the direct and indirect effects, and the development of normal 
masculine attitudes and trends. 

Similar results were obtained in Case 4. In this case, as a result of 
treatment with androgen hormone, the latent homosexual trends were 
gradually converted into normal heterosexual equivalents. 

Conclusions. Four cases of male homosexuality are discussed and the 
need of the somatopsychic approach to tlieir understanding is stressed. 

The division of homosexuality into innate and acquired is suggested. 
The importance of the endocrine factor in the former is discussed and 
the beneficial results of treatment with testosterone propionate in 4 
such cases are reported. 
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Pharaiacological and clinical studies of sulfamerazine^-®“*-*^^’”>‘‘ 
liave shown that, following oral administration, a higher concentration 
in the blood is attained more rapidly and maintained longer than the 
concentration produced by various commonly used sulfonamides in 
equal doses. These characteristics of sulfamerazine result from its 
rapid absorption from the alimentary tract and its slow excretion 
the kidney."^ 

The experiments reported herein were designed to permit a com- 
parison of the concentrations of sulfonamide produced in the blood of 
normal human subjects by the daily administration of a single small 
dose of sulfamerazine {2-suljanilamido-4-'methyl'pyrimidine), of sulfa- 
diazine {2-suljanilamidoi)ymmdmc), of sulfamethazine {2-sulfanila- 
mido-4,6-dimethyi'pyrimidine) , or of sulfathiazole i2-su}fanilamido- 
thiazole). 

Methods. Eight apparently normal, male laboratory workers, whose 
weights varied from 55 to 77 kg., were given initially a 2 gm. oral dose of 
sulfonamide. This was followed by daily doses of 1 gm. each during the suc- 
ceeding 5 or 6 days. In one series the initial dose was 1 gm. and the sustaining 
dose 0.5 gm. per day. In each case the initial dose and the daily maintenance 
dose were given at 8:30 a.m. Using the method of Bratton and Marshall,' 
the concentration of “free” sulfonamide in 0.1 to 0.3 cc. of whole blood was 
determined at frequent intervals, and the concentrations of “free” and of 
“total” sulfonamide were determined on one or two 24-hour samples of urine 
from each individual. Total leukocyte counts were made at the end of the 
period of higher dosage with sulfamerazine, and at the beginning and end of 
the dosage periods with sulfadiazine, sulfamethazine and sulfathiazole, in 
which order the drugs were studied. At least 1 week elapsed between the final 
dose of one series and the initial dose of the next series. 

Results.— In Table 1 are presented the average sulfonamide con- 
centrations in the blood, togetlier with their standard deviations. 


■* Sulfamerajiine was originally termed sulfamerizin?. 
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Althougli l)lood levels of 0.5 ing. or less per 100 ec. could not be meas- 
ured -with accuracy, these are included in the averages since their 
occurrence was rare, except 24 hours following sulfamethazine or sulfa- 
thiazole administration. 

1 ABLE 1. — Average Concentratioks* of Free Sulfonamide in the Blood of 8 Nor- 
mal Men Following Single Daily Doses of .Sulfamerazinb, Sulfadiazine, 
Sulfamethazine, or .Sulfathiazole 

Siilfnmpraz'me Sulfadiazine .Sulfamethazine Sulfathiazole 




Iiiilial 

Initial 

Initial 

Initial 

Initial 



doFo. 2 gin. 

do^c, 1 gm. 

do«c, 2 gm. 

dose, 2 gm. 

dose, 2 gm. 



Dnily 

Daily 

Daily 

Daily 

Dnily 



maintoiiaiicc 

maintonance 

maiiitcnanc’c 

maintenance 

inaintciinncc 

Ilolirst Uourf't 

doFo, 1 gin. 

dosa, J gm. 

dose, 1 gm. 

dose, 1 gm. 

dose, 1 gm. 


I 

5.0 ±2.7 

3.7 ±1.2 

1.3 ±0.0 

,5 . 9 ± 1 . 0 

2.7±1.8 


2 

n.7±2.4 

4.0 ±0.9 

2.2±0.8 

0.0 ±1.8 

3.8±1.5 


4 

7.1 ±1.0 

4.0±0.8 

2.7±0.7 

5.G±2.0 

4.1 ±0.C 


8 

0..3±1.2 

4.1 ±0.7 

2.5±0.7 

3.8±1.9 

2.0±0.5 

n 

24 

.3.0 ±1.2 

2.1 ±0.7 

1.1 ±0.2 

1.3±0.n 

0.4±0.1 

0 

48 

3.4±1.4 

1. 9 ±0.8 

1.2 ±0.3 

0.7±0.G 

0.2±0.1 

0 

nr, 

3.3±1.4 

2.0±0.8 

1.1 ±0.4 

0.G±0.G 

0.2±0.1 

2 

98 

0.3 ±1.5 

4.0±1.2 

2.C±0.7 

3.8±1.3 

1.9±0.C 

4 

100 

G.7±1.G 

4.3±1.0 

3.5 ±0.5 

3.0±1.5 

2.1 ±0.4 

0 

120 

3.1 ±1.0 

1.9±0.7 

1.3±0.3 

0.G±0.4 

0.3±0.2 

2 

122 

5. 9 ±1.3 

4.2±0.9 

3.3±0.9 

4.3±1.2 

2.1 ±0.8 

4 

124 

0.2±1.3 

4.2±0.5 

3.8±0.7 

3.4±1.4 

2.1 ±0.2 

0 

144 

3.3±1.4 

2.3±0.9 

1.3±0.4 

0.5±0.4 

0.3±0.2 

2 

14G 

G.0±2.0 

4.0±1.2 

3.0±1.0 



4 

148 

0.7 ±1.7 

4.1 ±1.1 

3.4±0.G 



8 

152 

0.1 ±1.7 

3.5±1.1 

3.1 ±0.7 



24 

108 

3.0 ±1.5 

2.0 ±0.5 

1.0±0.3 



48 

192 

1 .5 ±0.9 

1.0±0.3 

0.G±0.1 



72 

210 

0.8±0.4 






* .Average concentrations, together with their standard deviations, arc expressed in milligrams 
per 100 cc. of whole blood, 

t. These hours refer to the time at which the blood samples were taken, in relation to each daily 
maintenance dose. 

t These hours refer to the total elapsed time following the initial dose. 

The data obtained following the administration of sulfamethazine, 
sulfathiazole, and sulfadiazine are presented graphicallj’’ in Figure 1, 
together with the curve for the same dose of sulfamerazine. The con- 
centration in the blood 2 hours following the initial dose of sulfametha- 
zine equaled that produced by sulfamerazine. However, the concen- 
tration of sulfamethazine decreased rapidly, whereas the concentration 
of sulfamerazine rose slightly during the next 2 hours and then de- 
creased gradually to a, level, 24 hours after dosage, of more than twice 
that of sulfamethazine. The concentration of sulfathiazole, although 
higher than that of sulfadiazine during the first 6 hours, was lower 
thereafter, and markedly lower than that of both sulfamethazine and 
sulfamerazine during the entire 24-hour period. 

Attention is directed particularly to the curves in Figure 1, relating 
to the last daj'' of dosage, which day was typical of all daj^s on main- 
tenance dosage (Table 1). The concentration of sulfadiazine was 
consistently higher than that produced by sulfathiazole in equal 
dosage, and, except for the 4-hour period following each maintenance 
dose, was greater than that of sulfamethazine. However, on the same 
dosage, sulfamerazine maintained a concentration in the blood approx- 
imatelj’^ twice that of sulfadiazine, and several times that of sulfa- 
tlnazole. 

In Figure 2 curves are presented which facilitate comparison of the 
concentrations of sulfonamide in the blood produced by the dosages of 



Mgm Der fOO cc blood P*' *00 cc blood 
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sulfamerazine and sulfadiazine employed. The greater efficiency of 
sulfamerazine, in comparison with sulfadiazine, in producing and 
maintaining sulfonamide concentrations in the blood is shown. Thus, 
with an initial 2 gin. dose of sulfamerazine, followed by daily main- 
tenance doses of 1 gm., the average daily concentration of free sulfa- 
inerazine in the blood of these subjects decreased from a peak of 
about 6.5 mg. to a low of 3.5 mg. per 100 cc. Following an initial dose 
of 1 gm. and daily maintenance doses of 0.5 gm., the average maximal 
blood level with sulfamerazine was about 4 mg. and the minimal 
about 2 mg. per 100 cc. When an initial 2 gm. dose of sulfadiazine 
was given, followed by 1 gm. daily, the concentration in the blood rose 
each day to about 3.5 mg. and fell to about 1 .5 mg. per 100 cc. 



Fig. 1. — The average free sulfonamide concentration in the blood of 8 normal men 
following the or.al administration of sulfamerazine, sulfamethazine, sulfadiazine and of 
sulfathiazole; an initial dose of 2 gm. of each drug was given followed by a maintenance 
dose of 1 gm. daily for a total period of 6 or 7 days. 



Fig. 2. — The average free sulfonamide concentration in the blood of 8 normal men 
following the oral administration of sulfamerazine and of sulfadiazine once daily for a 
period of 7 days. The blood levels shown are those resulting from the first and last days 
of dosage. (I.D. = initial dose; M.D. = maintenance dose.) 


These data indicate that the dosage of sulfamerazine necessary to 
maintain any reasonable concentration of sulfonamide in the blood 
should be significantly less than that required with each of the other 
3 drugs. 

No significant effects of the sulfonamides on the average total 
leukocyte counts were seen, although 2 individuals consistently showed 
decreased counts following each exposure to a sulfonamide. 
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Data on the renal elimination of the 4 sulfonamides are presented 
in Table 2. From these data it is apparent that the percentages of 
conjugated sulfonamide which appeared in the urine were less with 
sulfadiazine and sulfathiazole than with either sulfamerazine or 
sulfamethazine. The greatest percentage of conjugated drug was 
e.xcretcd following sulfamethazine administration. It will l)e noted 
(Table 2) that the average percentage of conjugated sulfonamide 
found in the urine following tiie administration of a given drug was 
very constant. These data reflect tlie remarkable constancy with 
which each individual conjugated each sulfonamide. 


T.^ni.F. 2. — AvEUACiK SUI.FON.VMIDF. CoNTF.NT of tub UhINE, Cor.IiECTED Duiung 
24-HOun Peiuods, of Mf.n Receiving Smai.e Maintf.nance 
Doses of Vaiiioub Suefonamides 



Daily 


-XvoraRC 

AveraRe 



inaiiiteiiaiicc 

Da.v 

ainouiiL 

amount of 

Conjugated 


iio«(‘ 

of 

of free 

conjugated 

sulfonamide 


(cm.) 

<lo-.a(;e 

atilfoiintnhle 

sulfonamide 

(%) 

DniK 



(Rm.) 

(gm.) 


.SiilfamcniziiK; . 

. o.r. 

0 

0.21 ±0.0(1 

0.29*0.0.1 

.57 . 4 * 1 1 . 1 


I.O 

a 

0.3.'i±0.n' 

0..'>0*0.1I 

.58.8*12.4 


1.0 

7 

0.40*0. Ill 

0.50*0.12 

55.7 *12.5 

Sulfiicliaiinc 

. 1 .0 

f> 

0..50*0.0n 

0.25*0.07 

33.8* 0.0 


1.0 

7 

0.59*0.11 

0.2G*0.0.5 

30.5* 5.4 

Svilfamuthnzinc 

. I.O 

a 

0.28*0.15 

0.C4 *0.17 

70.0*14.0 


1 .0 

0 

0.28*0.1(1 

0.04*0.10 

09.7*17.0 

Sulfathiazole . 

. 1.0 

a 

0.03*0.10 

0.27*0.10 

27.1 * 7.3 


1.0 

0 

0.70*0.10 

0.25*0.10 

20.3* 5.7 


Comment.— The data on renal elimination and concentration in the 
blood confirm our previous findings-^ in which the absorption of sulfa- 
merazine w'as sliown to be more rapid and more complete, and the 
e.xcretion by the kidney slower, than that of sulfadiazine. Ihese 
findings account for the maintenance of a given concentration in the 
blood with smaller doses of sulfamerazine than with sulfadiazine. 

Although wdth small doses, such as Avere given in this study, urinary 
solubility is not a particularly important factor, it may be well to com- 
ment on the relative solubilities of these drugs, particularly on the 
relation between sulfadiazine and sulfamerazine. Gilligan ct 
emphasize the great importance, in the prevention of renal complica- 
tions, of the maintenance of a neutral or alkaline urine, which enor- 
mously increases the solubility of sulfadiazine, sulfamerazine and 
sulfamethazine, and their acetyl derivatives. In contrast, as is shown 
in their Table 4, the solubility of sulfapjwidine, acetjdsulfapyridine or 
of acetylsulfathiazole is very little increased by alkalinization. The 
absolute solubilities of sulfadiazine, sulfamerazine and their N.racet}d 
derivatives were found to be somewhat greater in urine'* than in 
buffered solutions.* The solubilities of sulfamerazine and acetyl- 
sulfamerazine were somewhat greater than those of sulfadiazine and 
acetylsulfadiazine, respectively, in urine at acid pH levels. This is of 
importance since it is at acid pH levels that there is danger of precipita- 
tion of the drugs in the urinary tract. Also of significance is the fact 
that in maintaining a given blood level, larger doses of sulfadiazine, 
sulfamethazine or sulfathiazole are required than of sulfamerazine and, 
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therd'orc, tlic total amouut of drug Avhidi must pass through the 
kidneys each day is appreciably less with sulfamerazine than with any 
of the otlier sulfonamides. 

The maintenance of equivalent sulfonamide concentrations in the 
blood, by the administration of sulfamerazine in doses one-half as 
large as those of sulfadiazine, leads to the appearance in the urine of 
closely similar amounts of the acetylated derivatives (Table 2). Under 
these circumstances, however, the danger of crystal formation is 
appreciably less Avith sulfamerazine than with sulfadiazine because of 
the greater solubility of acetylsulfamerazine in urine of normal acidity. 
Care should of course be taken, when either these or other sulfonamides 
are used, to prevent the excretion of urine of low volume or of low pH, 
conditions Avhich favor precipitation in the urinary tract of the acet- 
ylated derivatives of all the sulfonamides now available. 

The concentration produced in the blood by single daily doses of 
0.5 or 1 gm. of sulfamerazine should be of clinical significance. Several 
investigators haA'^e described beneficial effects from the use of small 
doses of sulfanilamide, given oA-er long periods, in the prophylaxis of 
streptococcal infection in rheumatic subjects. 

Loveless and Denton^® used sulfathiazole in the prophylaxis of 
gonorrhea. The drug Avas giA'^en in doses of 2 gm. to soldiers leaving a 
post, and, if “station prophylaxis” Avere not given, an additional 2 gm. 
Avas administered on return to camp and 2 gm. the folloAving morning. 
Unfortunately blood level data Avere not given. The authors found a 
marked reduction in the incidence of gonorrhea and of chancroid in the 
group treated as described, in comparison Avith a large group of soldiers 
to Avhom sulfonamides Avere not administered. 

Recently Watson et al?'^ presented convincing CAudence of the control 
of a scarlet fcA^er epidemic, in AA'hich several thousand men Avere giA'-en 
repeated daily 1 gm. doses of sulfadiazine, and among AAdiom only 3 
dcA'^eloped any sign of toxicity (rash). In a group of 50 of these men 
the average and median sulfadiazine concentration, about 6 hours fol- 
loAving dosage, Avas 2.6 mg. per 100 cc. of blood. This agrees Avell Avith 
our observations, made in a smaller group, but at a comparable time 
and with the same dose, Avhich indicated the presence of about 3.2 mg. 
of sulfadiazine per 100 cc. of blood. It should be noted that the daily 
administration of sulfamerazine in doses of only 0.5 gm. results in the 
maintenance of an average concentration of free sulfonamide in the 
blood higher than is produced by daily 1 gm. doses of sulfadiazine, 
sulfamethazine or sulfathiazole. 

Sulfamerazine is so rapidly absorbed and sloAvly excreted, in com- 
parison Avith other sulfonamides, that smaller daily doses should be 
given, and at less frequent intervals, in order to maintain adequate 
prophylactic or therapeutic blood levels. Clinical findings indicate 
that a total daily dose of 1 gm. to 4 gm. of sulfamerazine may be giA^en 
on the basis of only 2 or 3, instead of the customary 4 to 6, divided 
doses daily. 
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Sununary.— The average sulfonamide concentrations produced in the 
hlood of 8 normal men by daily ] grn. doses of sulfamerazine, sulfa- 
diazine, sulfamethazine and suli'athiazolc arc presented (Fig. 1). I’he 
concentration in the blood following maintenance doses of sulfaniera- 
zine fell from a daily maximal value of about 6.5 to a minimal value of 
about 3.5 mg. per 100 cc.; witli sulfadiazine from about 3.5 to about 
1.5; with sulfamethazine from about 4 to le.ss than 1; and with siilfa- 
thiazole from about 2 to less than 1 mg. per lOO cc. Sulfamerazine 
administered in single 0.5 gm. daily doses (Fig. 2) maintained a con- 
centration in the blood which fell gradually from a level of approxi- 
mately 4 to a level of about 2 mg. per 100 cc. 

Emphasis is placed on the rapid absorption and gradual elimination 
of sulfamerazine, which make possible the maintenance of a concentra- 
tion in the blood, with single daily doses of only 0.5 to 1 gm., that is 
probably .sufficient for certain chemopro])hylactic purposes. The data 
presented, as well as clinical experience with sulfamerazine, indicate 
that adequate therapeutic concentrations in the blood .should be main- 
tained by the administration of smaller total daily doses than Avith 
other suifonamides; these doses can be given on the basis of only 
2 or 3 divided doses daily. 

Wo are Rratcful to Dr. L. D. AVriuht, Dr. L. Petens, Dr. B. .latui, Mr. R. Strawnski, 
Mr. J. Ciminera, Mr. W. Ilappich, Mr. K. SpraRue, and Mr. S. McKinney for a.wist.'incc 
rendered. 
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n. The Effect of Hemoglobin and Red Cell Stromata on 
E xPLANTED Bone Marrow 

By M. RAcmiiLEwm, M,D. 

AND 

A. Rosin, M.D.* 

JEnUSALEM, I'AEESTINE 

(From tlie Medical Department B, Rothschild Hadassah University Hospital, and 
Department of Experimental Pathologj’’ [Cancer Laboratories], The Hebrew Uni.v .) 

In a previous paper^ we have reported experiments on rabbits’ bone 
marrow surviving in miro. The fundamental physiologic activities of 
the organ, such as maturation of the white and red cells and multi- 
plication of their precursors, taking place during the first days of 
incubation, were described. 

After establishing the behavior of the explanted bone marrow in 
standard medium, the direct effect of certain substances on the sur- 
viving and functioning bone marrow was investigated. The cellular 
composition of the bone marrow surviving in media containing the 
added respective substances was studied and compared with that of 
the bone marrow surviving in standard medium. 

This report deals with the effect of hemoglobin solutions and sus- 
pensions of red cell stromata on the bone marrow surviving in vitro. 

Material and Methods. The description of the method to maintain Ijone 
marrow fragments in vitro is given in the first paper of this series.® 

Solutions of hemoglobin and suspensions of red cell stromata were obtained 
in the following way: 10 cc. of rabbits’ heparinized blood were centrifuged, the 
plasma withdrawn, and the remaining red cells washed twice with Ringer 
solution. Then distilled water was added in the proportion 4 to 1 until the 
solution had become laked. After further centrifugation, a pure supernatant 
hemoglobin solution was obtained. The sediment, consisting of red cell stro- 
mata, was washed several times with Ringer’s solution and, after pouring off 
the supernatant fluid, a volume of Tyrode solution, equal to the sediment, was 
added and a suspension of stromata was obtained. 

One drop of hemoglobin solution, or one drop of the stroma suspension 
was added to each tube containing the standard medium (3 drops of Tyrode 
solution, 3 drops of heparinized rabbits’ plasma and 1 drop of chick embryonic 
extract). 

A set of 18 tubes was used in each experiment, so that 6 control tubes con- 
tained the bone marrow in the standard medium, 6 the added hemoglobin 
solution and 6 the added suspension of red cell stromata. Altogether, 9 such 
experiments on bone marrow obtained from 9 rabbits of the age of approx- 
imately 6 to 8 Aveeks were performed. The bone marrow fragments rvere 
incubated for 24 hours and 48 hours and were then histologically examined. 
After fixation in Zenker’s fluid the specimens were embedded in celloidin 
paraffin. Serial sections 4y thick Avere made and stained Avith hematoxylin- 
eosin and Avith Giemsa’s stain. 

Results. Effect of Hemoglobin Sohdioii on Bone Marroio in Vitro. 
After an incubation period of 24 and 48 hours the bone marrow sur- 

* Working under tire Cancer Laboratories fellowship. 
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riving in vitro in a medium to wJiich hemoglobin solution was added, is 
well preserved and without signs of degeneration. The surrounding 
plasma coagulum contains a varying number of polymorphonuclear 
leukocytes which have migrated from the explant. Tlie e.xplant itself 



Fig. 1. — Experiment K. 29. lilag. X 500. Homatoxylin-oosin. a. Explant of bone 
marrow in hemoglobin containing medium after 24 iiours of incubation, h, Explant o 
bone marrow in stroma containing medium after 24 liours of incubation. 


is exceedingly rich in myeloid and erythroid cells. A close^ inspection 
reveals an abundance of polymorphonuclear leukocj'^tes which, partic- 
ularly in the central parts of the fragment, densely fill the trabeculos 
and are aggregated in large groups; between them numerous red cells 




Fig. 2. — Experiment K. 28. Mag. X 600. Hematoxylin-eosin. o, Explant of bone 
marrow in hemoglobin containing medium after 24 hours of incubation, b, Explant of 
bone marrow in stroma containing medium after 24 hoin-s of incubation. 

Analyzing the effect of hemoglobin-containing medium on the bone 
marrow surviving in vitro, it is important to remember that, as we have 
demonstrated in our first paper, the l^one marrow culture in the 
standard medium showed definite signs of maturation and contained a 
larger number of polymorphonuclear leukocjfies and erythrocytes than 











190 


IJACIIMILKWITZ, HOSIN: STUDIKS ON HONK .MAHIiOAV 


the fresli material. Comparison between tlie explants in hemoglobin- 
containing medium and those in standard medium after 24 hours of 
incubation reveals the following results: 



Fi(j. a. — Expciimenf K. 24. Man- X 500. IIcnia<oxyIiu-cosiii. a, JSxplant of Hoiic 
maiTO'v ill hciiiogloliiu containiiiK medium after Iiours of ineuliatiou. h. Explant of 
bone marrow in stioma containing medium after 24 hours of incubation 


The number of polymorphonuclear leukocytes in the explants in 
hemoglobin-containing medium was in mo.st experiments higher than 
in the explants in standard medium. The abundance of leukocytes in 
the experimental fragments was particularly striking in cultures deriv- 
ing from bone marrow with prevailing leukopoietie activity. In^ the 
few experiments on bone marrow with prevailing erythropoietic 
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activity, the nuiuber of leukocytes was low, but relatively higher than 
in the control fragments. In these instances the predominant cell type 
Avere mature red cells. 

In order to establish the relationship of the various cell elements 
in the control and in the experimental bone marroAV explants respec- 
tively, differential cell counts were made of mature and immature 
white cells as well as nucleated red cells present in the bone marrow 
fragments incubated in standard medium and in hemoglobin-containing 
medium. 


Table 1.— Perce.vtilb Increase of Polymorphonuclear Leukocytes in 
Experimental Fragments as Compared AVith Controls 







Polymor- 

phonviclear 


Myeloid; 

.Animal 


No. of cells 

Stem cells ^lyeloci'les 

leukocytes 

Nucleated 

erythroid 

No. 


counted 

(%) 

(%) 

(%) 

red cells 

ratio 

E. 24 

A 

. , sia 

1.0 

21 3 

39.1 

38.6 

1,6:1 


B 

. . 000 

0.4 

20 9 

38 9 

39. S 

1.5:1 


C 

. . 1001 

1.8 

23.0 

18.9 

55.7 

0.8:1 

R. 27 

A 

. . 815 


28 9 

42.7 

28.4 

2.5:1 


B 

. , 1299 


23.3 

49.4 

27.3 

2,7:1 


C 

. . 940 


31.7 

12.1 

56.2 

0.8:1 

R. 2S 

A 

. . 1584 

1.3 

10.4 

40.7 

47.6 

1.1:1 


B 

. . 1730 

1.2 

14.4 

43.0 

41.4 

1.4:1 


C 

. . 1468 

1.7 

13.3 

16.5 

69.5 

0.4:1 

R. 29 

A 

. . 873 

1.0 

20.3 

40.2 

38,5 

1.6:1 


B 

. . 1407 

0.3 

13.1 

43.9 

42.7 

1.3:1 


C 

. . 1205 

1.1 

7.9 

24.7 

66.3 

0.5:1 

R. 30 

A 

. , 1307 


20.5 

32.5 

47.0 

l.l;i 


B 

. . 1430 


14.8 

37.9 

47.3 

l.i;l 


C 

, . 1130 


20.1 

18.0 

01.9 

o.o:i 

R. .32 

A 

. . 1102 


24.1 

20.1 

55.8 

0.8:1 


B 

, . 1.360 


17.5 

35.2 

47.3 

l.l:l 


C 

. . 5.31 


18.1 

13.9 

08.0 

0.5:1 

R. 33 

A 

. . 793 


18.8 

17.4 

63.8 

0.6:1 


B 

. . 946 


13.3 

25.3 

61.4 

0.6:1 


C 

. ca.900 


17.3 

15.9 

66.8 

0.5:1 

R. .34 

A 

. . 920 


17.9 

16.8 

65.3 

0.5:1 


B 

. . ' 707 


17.9 

17.7 

64.4 

0.6:1 


C 

570 


21.5 

12.5 

66.0 

0.5:1 

R. .3.5 

A 

. . 591 


22.3 

26.9 

50.8 

1,0:1 


B 

. . 701 


10.5 

43.7 

39.8 

1.5:1 


C 

. , . 728 


17.2 

30,1 

52,7 

0.9:1 

A = 

Section of 24 hour.s old explants in stondai-d medium. 




n = Section of 24 liours old explants in standard medium witli addition of liemoglobin 
solution. 

C = Section of 24 hours old explants in standard medium with addition of stroma 
suspension. 


Table 1 shows that there was a marked percentile increase of poly- 
morphonuclear leukocytes in the experimental fragments as compared 
Avith the controls, in 6 out of 9 experiments, the average increase being 
9.3 %. In 1 case they Avere only slightly increased, in 2 cases the number 
of potjTnorphonuclear leukocytes remained the same. The relatiA^e 
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increase of the pol.A'inorphonuelear leukocytes was usually higher when 
originally tlie absolute number of leukocytes was low. 

A corresponding percentile decrease of stem cells and myelocytes in 
the experimental fragments compared with the control fragments was 
found in 6 out of 9 experiments. In 2 cases in which the number of 
polymorphonuclear leukocytes in the experimental fragments remained 
the same as in the control fragments, the number of stem cells and 
myelocytes was also the same, and in 1 case there was a slight increase 
in the experimental fragments. 

The percentage of nucleated red cells was practically the same in 
the experimental as in the control fragments in 4 out of 9 cases. In 4 
cases the experimental fragments contained a somewhat lesser number 
of nucleated red cells, and in 1 case there was a slight increase in the 
experimental fragments. 

Table 1 shows also that the mycloid-erythroid ratio in the experi- 
mental fragments remained the same as in the control fragments in 
5 out of 9 exjieriments, was shifted in favor of the myeloid elements in 
.3 cases, and was only .slightly shifted in favor of the erythroid elements 
in 1 case. 

The results of these counts indicate that the addition of hemoglobin 
produced an increased rate of maturation of polymorphonuclear 
leukocytes in most cx])eriment.s as compared with the explants in 
standard medium. Apart from the increased maturation, multiplica- 
tion evidenced by mitotic activity was also noted in the experimental 
fragments. The rate of multiplication, however, was usually some- 
what less than in the control fragments. The number of mitoses 
counted in the respective bone marrow fragments is given in Table 2. 

Table 2. — ErrECT of Red Cell Sthomata on Bone Mabrow in Vitro 




No. of mitoses 



No. of mitose.s 

Animal 


in to liiRli-power 

-Animal 


in 10 IiiRli-power 

No. 


fields 

No. 


fieldsi 

R. 24 

A . 

7 

R. So 

A . 

7 


B . 

5 


B . 

7 


C . 

. . . . 0 


C . 

. . . . 13 

R. 27 

A . 

. . . . 4 

R. 32 

A , 

. . .12 


B . 

5 


B . 

7 


C . 

. . . . 10 


C . 

.... 10 

R. 28 

A . 

.... 8 

R. .33 

A . 

. . . . 5 


B . 

. . . . 0 


B . 

. . . . 3 


C . 

. . . . 14 


C . 

. . . 0 

R. 20 

A . 

. . . . 17 

R. 34 

A . 

.... 0 


B . 

. . . . 11 


B . 

. . . . 10 


C . 

. . . . 19 


C . 

. . . . 12 

R. SO 

A . 

. . . . 12 





B . 

. . . . 11 





C . 

. . . . 11 





A = Secition of 24 hours old cxjilant in .standard medium. 

B = Section of 24 hours old cxplant in standard medium with addition of hemoglohin 
solution. 

C = Section of 24 honr.s old e.xplant in .standard medium with addition of stroma 
suspension. 
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Effect of Red Cell Simnafa on Bone Marrow in vitro. The bone 
marrow expiants in media to wiiicb a suspension of red cell stromata was 
added, exhibit quite a diflFerent picture than the explants in liemoglobin- 
containing and in standard medium. The outstanding feature of these 
explants after 24 hours of incubation is the scarcity of polymorphonu- 
clear leukocytes. A further characteristic of the stroma-containing 
cultures is the prevalence of immature cells, particularly of the red 
variety. 

Erjfthroblasts, normoblasts, and in a lesser degree stem cells, and 
myelocytes, fill the stroma meshes throughout the entire pieces 
(Figs, ib, 26, 36). Besides there are numerous erythrocytes sometimes 
accumulated in certain regions and forming lakes. 

Another typical feature of these cultures is the particularly high 
number of mitoses in the precursors. 

The comparison of the bone marrow pattern of fragments in stroma- 
containing medium with that of fragments in standard medium reveals 
the constant and definite reduction of the number of polymorphonuclear 
leukocytes in the experimental fragments compared with the control 
fragments. This difference was particularly striking in experiments on 
bone marrow with prevailing leukopoietic activity, but also seen to a 
lesser degree in the experiments on bone marrow with prevailing 
erythropoietic activity. 

With the reduction of the polymorphonuclear leukocytes a marked 
increase of the nucleated red cells in the experimental fragments was 
noted, as compared with the control fragments. 

The percentile numbers of the different cell types given in Table 1 
show the changes which have taken place in the experimental frag- 
ments in comparison with the control fragments. 

Table 1 shows that there is a reduction of poljmiorphonuclear leuko- 
cytes in the experimental fragments as compared with the control 
fragments in 7 out of 9 experiments, the average reduction being 16.9%. 
In 1 case they remained practically the same and in 1 case there was a 
slight increase in the experimental fragments. The percentage of 
nucleated red cells was clearly augmented in 6 out of 9 cases, the 
average increase being 20.3%. In the other 3 cases the increase was 
very small, reaching only an average of 1.9%. In 2 of these cases 
there was already an abundance of nucleated red cells in the control 
fragments, these deriving from erj'thropoietic bone marrow. 

The numimr of stem cells and myelocytes was in 4 out of 9 cases 
slightl}^ increased in the experimental fragments, in 2 cases practically 
the same as in the control fragments, and in S cases it was somewhat 
decreased. 

It is clearly seen that in the experimental fragments the myeloid- 
erythroid ratio is definitely shifted in favor of the erythroid elements 
in 6 out of 9 cases in comparison with the control fragments. From 
the 3 cases where the myeloid-erythroid ratio remained unchanged, 
2 cases were experiments on erythropoietic bone marrow in which the 
number of nucleated red cells was already very high in the original 
bone marrow. 
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Judging from the reduced number of polymorphonuclear leukocytes 
in the experimental fragments it must be concluded that the addition 
of red cell stromata rather inhibits white cell maturation. On the 
other hand, the prevalence of precursors indicates that an increased 
rate of multiplication has taken place. TJiis is manifested by an in- 
creased number of mitoses in the experimental fragments which was 
found in 7 out of 9 experiments (Table 2). 

Table 2 shows that the highest number of mitoses was counted in the 
fragments surviving in the stroma-containing medium. 

Discussion. The effect of the individual components of the red cell 
on hemopoiesis was the subject of study of many inve.stigators. 

The direct effect of hemoglobin on bone marrow cultures was briefly 
described by Jeney,* who claimed to have observed a stimulating effect 
on hemopoiesis, manifested by an increased number of nucleated red 
cells. As far as we know, no experiments with the addition of red cell 
matrix to bone marrow cultures have been performed. 

Experiments on animals concerning the effect of hemoglobin on the 
bone marrow have been registered by MeMaster and Plaessler- and by 
Miller and Rhoads.^ The former authors found an increase of the 
hematopoietic tissue and especially of the erj'thropoietic islands in 
bone marrow of rabbits rendered anemic by repeated bleedings in 
which the blood loss was replaced by injections of hemoglobin. Miller 
and Rhoads, using the same technique, found likewise erjffhroblastic 
hyperplasia, but with the appearance of megaloblasts in the bone 
marrow of the injected animals. 

No data in the literature are available concerning the effect of the 
red cell stromata on the bone marrow in vivo. 

The effect of injected hemoglobin on blood regeneration has been 
extensively studied by Whipple and co-workers.’' These authors 
found that, if a stroma-free solution of hemoglobin was administered 
intravenously or intraperitoneally to dogs rendered anemic by repeated 
bleedings, 80 to 90% of the hemoglobin injected was recovered in newly 
formed cells. Robscheit-Robbins® assumed that hemoglobin break- 
down products are direct irritants to the bone marrow as well as build- 
ing stones. 

The effect of red cell stromata on blood regeneration was investigated 
by Ono."* According to this author the intravenous injection of red 
cell stromata in quantities corresponding approximately to the dailj" 
red cell destruction, produced an increase of hemopoiesis in rabbits. 

The experiments described in this paper indicate that there is a 
distinct difference in the response of the bone marrow surviving in viiro 
to hemoglobin and red cell stroma. The addition of hemoglobin to 
the standard medium resulted in an increase in the number of mature 
cells. The effect of stroma, on the other hand, was characterized by 
an increased number of immature cells, mainl.y red cells precursors, 
and reduction of mature white cells. Both components of the eridhro- 
cyte had thus a stimulating effect on the bone marrow in viiro. The 
stimulation caused by hemoglobin was manifested mainly in the direc- 
tion of maturation, while the effect of stroma was seen in the direction 
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of multiplication— particularly of the erythroid elements, thus produc- 
ing in vitro an erythroblastic bone marrow. 

Summary. A different and characteristic response of explanted bone 
marrow to both components of the erythrocyte was found. 

The addition of hemoglobin resulted in an increased rate of matura- 
tion of white and red blood cells. 

The addition of red cell stromata, on the other hand, produced an 
increased rate of multiplication, particularly of the red cell precursors. 
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CARDIAC ARRHYTHMIAS IN 1000 CASES OF 
PULMONARY TUBERCULOSIS 

By Theodore T. Fox, M.D. 

ASSOCIATE VISITING PHYSICIAK 
AND 

Audrie L. Bobb, M.D. ■ 

assistant visiting physician 

NEW YORK, N. y. 

(From the Cardiac Department, Sea View Hospital, Staten Island) 

The evaluation of the clinical significance of cardiac arrhythmias 
encountered in cases of pulmonary disease requires the consideration 
of the anatomically adjacent extracardiac factors. Otherwise, their 
significance is that of arrhythmias in general. They very frequently 
occur in the absence of cardiac disease. At times, however, they con- 
stitute the sole evidence of severe myocardial embarrassment. Their 
presence in cases of pulmonary disease may be purely accidental. One 
-is justified, however, in correlating their occurrence with existing 
cxtracardiac factors and in considering in some cases the probability 
of an etiologic dependence. Such consideration may give the existing 
arrhythmia a special function— that of an indicator that patho- 
physiologic activities originating in the pleuro-pulmonary apparatus 
have invaded the heart. The clinician, naturally, may be influenced 
in his prognosis and therapeutic approach by the consideration of this 
etiologic dependence. 

In cases of pulmonary tuberculosis the extracardiac factors in the 
causation of abnormal cardiac rhythm may lie one or a combination 
of several of the following: (1) The influence of the tuberculous process 
on the intravascular pulmonary tension. (2) The anatomic involve- 
ment of the pericardium and myocardium in the process consuming the 
adjacent luilmonary tissue. (3) The toxic influence of the disease on 
the heart muscle and the conduction system. (4) The mechanical 
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involvement of the heart and the great vessels in mediastinal torsion 
and displacement. (5) Reflexes initiated in the disturbed anatomy and 
physiology of the rcsj)iratory apparatus without the mechanical 
involvement of the heart and great vessels.' 

An attempt to evaluate some of the.se factors is the jnirpose of the 
j)resent report. 

Material and Results.— The electrocardiograms of 1000 consecutive 
cases with evidence of chest tuberculosis admitted to Sea A iew Ilos])ital 
were reviewed with particular reference to the incidence and type of 
arrhythmias encountered. There Avere 7S cases presenting arrhythmias 
(Table 1). Twelve cases showed .sinus arrhythmia; 22 presented pre- 
jnature auricular contractions and premature ventricular contractions; 
14 cases ])rescnted various types of auriculovcntricular conduction 
impairment, mostly flr.st stage heart block; 20 cases presented intra- 
ventricular conduction im])airmcnt; 10 cases presented miscellaneous 
arrhythmias Avliieh included: sinus block, 1 case; sinus arrhythmia 
with paroxysmal nodal rhythm, 1 case; sinus bradycardia, 1 case; 
auricular fiI)rillation, 3 cases; auricular tachycardia, 2 cases; auricular 
flutter, 1 case; premature auricular and ventricular contractions Avith 
jjaroxysmal auricular tachycardia, 1 case. 

Tahi.k 1. — Type or AimiiYTiiMiA is IIeeation* to Agk and Cardiac Disease 


Cardiac disca&e 


Arrhytliniiii; 

1 *1 to 4!» 
(iiul.) 

50 nnci 
ovor 

Totn! 

I’rpsenl 

At'seat 

Simi.s urrhytliniiu . . . 

11 

1 

12 

1 

11 

Premature contract ion.s 

Delayed auriculoventricular coii- 

11 

11 

22 

13 

9 

duction lime 

Delayed intr.aventricular conduc- 

10 

4 

M 

11 

3 

1 

tion time 

t> 

14 

20 

19 

Mi.sccllaneous 

3 

7 

10 

9 

1 

Total 




53 

25 


The cases Avith intraventricular conduction impairment Avere in- 
cluded, as they frequently are, in the classification of cardiac arrhyth- 
mias, although, strictly speaking, they are rliythmic arrhythmias. 

Wlien the arrhythmias Avere tabulated in relation to the activity of 
the pulmonary process (Table 2) as eAudenced by positive sputinm 
elcAmted temperature, and increased sedimentation rate, it Avas noted 
that there Avere 4 times as many cases of arrhythmias^ in the active 
group as in the inactive group. HoAvever, the obser\"ation is Avithout 
significance, as the Sea A^ieAV Hospital population is made up of about 
4 times as manj^ actiA'^e as inactiA'^e cases. 

When the arrhythmias are tabulated in relation to the site, type, and 
extent of the pulmonary lesions (Table 3), a fact AAdiich may liavc 
some significance becomes prominent, namely, that arrhythmias are 
more frequently associated Avith right-sided than with left-sided lesions. 
The great vessels and nerve structui’es are more exposed on the right 
side than on the left; possibly their distortion is at least reflex a 
responsible for the abnormal cardiac manifestations. 
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Table 1 presents tlie arrhythmias in relation to age and cardiac 
disease. With one exception the sinus arrhythmias occurred in the 
younger age group, and with one exception no evidence of cardiac 
disease was obtained in this arrhythmia group. Premature contrac- 
tions were equally divided between the 2 age groups. The majority 
of them had evidences of cardiac disease. The miscellaneous arrhyth- 
mias had evidences of cardiac disease in all but one case, and the 
majority of them occurred in the older age group. The intraventricular 
and the auriculoventricular conduction impairment group was also 
predominantly associated with evidences* of cardiac disease. 

The evidence of cardiac disease consisted of objective criteria, 
namely, a history of syphilis or polyarticular rheumatism; physical 
findings such as peripheral sclerosis or unmistakable cardiac murmurs 
indicative of mitral or aortic disease; fluoroscopic and Roentgen ray 
evidences of enlargement of the heart and aorta; and typical electro- 
cardiographic changes indicative of coronary artery occlusion. 

Comment.— We are not aware of any statistical information on 
cardiac arrhythmias comparable with the type of material in Sea View 
Hospital. This institution is one of the few places in the United States 
where routine electrocardiograms are taken on admission of every case. 
The statistics available, such as those of White and Jones,® are based 
on electrocardiograms taken of patients with cardiac symptoms. To 
compare our figures with this group ivill not be instructive. 

To the best of our knowledge there is only one fairly large series of 
cases of pulmonary tuberculosis with electrocardiographic studies 
reported, the one by Leverton.® While this author does not specifically 
discuss cardiac arrhythmias, he observed intraventricular impairment 
in 7.2% of his cases as compared with our 2%. The average age of his 
group was 39.4 years and only 6 out of 30 cases had clinical or post- 
mortem evidence of coronary sclerosis. It is his opinion that a nutri- 
tional disturbance of the myocardium occurs in pulmonary tuberculosis 
of long standing which may produce an electrocardiographic picture 
similar to that found in coronary sclerosis. Apparently, this contention 
is not borne out by our findings. Our study seems to indicate that the 
abnormalities in question are a manifestation of intrinsic cardiac 
disease and are related to the age group with vascular degenerative 
changes. 


Table 2.— Relation or Abrhtthmia to Activity of Tubebculosis 


Arrhythmia: 

Sinus arrhythmia 

Premature contractions 

Delayed auriculoventricular conduction time 
Delayed intraventricular conduction time 
Miscellaneous 

Total 


lactive 

Active 

Total 

5 

7 

12 

2 

20 

22 

3 

11 

14 

4 

10 

20 

2 

S 

10 

10 

02 



Auriculoventricular block in our series occurred predominantly in 
tile younger age group. In only 3 cases, however, were no evidences of 
cardiac involvement present, other than the abnormal electrocardio- 
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gram. Of these 3 eases, one -was 43 years old, one IS years old, and 
‘^ne 32 years old. All 3 liad considerable mediastinal shift. There is a 
possibility that in some cases mediastinal disjilacement can alter the 
configuration of the P wave so as to make it measurably consistent 
with the picture of first stage heart block.- This may possibly explain 
such reports as the one by Pastore.'* lie observed a consideralde num- 
ber ol cases of aurieulo\'entricular block in tubercular children without 
evidences of rheumatic fever. However, it is possible that in a small 
number of cases toxic influences of the tuberculous process may also 
play a role in the causation of conduction difficulties. 


Tahle 3. — Aihuiythmias in Relation to Pulmonary Lesions 


Type of iirrliytlimia 


Delayed 

Delayed 


aurieulo- 

intra- 

Simirt 

Promftturo ventricular 

ventricular 

arrhyth- 

eontrae- conduction 

conduction Miseella- 

inin 

tioiiH time 

time neous Total 


Number of rases .... 

12 

22 

14 

20 

10 

7S 

Intrathoracic lesions 

1 

1 

0 

1 

0 

3 

Extidativc productive lesions: 

Unilateral (riRht) .... 

1 

0 

1 

1 

0 

3 

Unilateral (left) .... 

0 

0 

0 

1 

0 

I 

Bilateral: 

Predominant on riplit . 

I 

0 

0 

0 

1 


Predominant on left 

O 

0 

0 

0 

0 


Caseous pneumonic Ic.sions: 

unilateral (rifilit) 

2 

:i 

1 

3 

0 

i) 

Uiiilatcrnl (left) .... 

0 

0 

0 

0 

0 

0 

Bilateral; 

Predominant on rittlit . 

1 

9 

2 

4 

4 

20 

Predominant on left 

3 

4 

3 

1 

1 

12 

I'ibrotie lesions: 

Unilateral (rifilit) .... 

0 

0 

0 

0 

1 

I 

Unilateral (left) .... 

0 

0 

0 

0 

0 

0 

Bilateral: 

Predominant on rinht . 

0 

1 

1 

3 

0 

f> 

Predominant on left 

0 

0 

2 

0 

0 


Lesions equal bilaterally 

1 

4 

4 

0 

3 

IS 

Predominant lesions: 

Right 

5 

13 

T) 

11 

0 


Left 

o 

4 

5 



IS 


Tracheal and mediastinal dis* 


RiRlit 0 

0 

7 

11 

4 

34 

I.eft 0 

2 

2 

1 


t 

Effusion pneumotliorax hydro- 

pnx.: 

RiRht 3 

3 

o 

G 

3 

17 

Left 4 

4 

3 


1 

14 


The effect of mediastinal displacement on the irritability of the 
myocardium has been stressed by a number of foreign writers and m 
this country bj'’ Brumfiel.^ Of the 15 cases of mediastinal distortion 
studied by Brumfiel, 7 presented extrasystoles. While it is possible 
that a large number of the 1000 cases we studied had extrasystoles at 
some time, onl^" 2.2% (22 cases) had premature contractions recorded 
in their admission electrocardiograms. Of tliese, 13 had evidences of 
intrinsic cardiac disease, and only 9 cases presented no such evidence, 
an incidence of about 1% in the entire group studied. This incidence 
is hardly significant when compared with the frequency of mediastinal 
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distortion seen at Sea View Hospital, as evidenced by Roentgen ray 
findings and the electrocardiographic abnormalities expressed in the 
directional changes of the QRS complex and T wave. 

VOiile the evidence points to the presence of intrinsic cardiac disease 
as an etiologic factor in producing arrhythmias, the findings in Table 3 
are suggestive that extracardiac factors may play a role in precipitating 
the appearance of such arrhythmias. It is conceivable that in cases 
with mediastinal torsion the relationship and course of the cardiac 
nerves are likewise disturbed, and this may be responsible for the 
increased irritability of the myocardium. The structural arrangement 
of the right mediastinum may possiblj'^ supply the anatomic basis for 
the pathophysiologic changes. The predominance of right-sided lesions 
in the arrhythmia group is apparently not a reflection of case distribu- 
tion in general. Out of 300 consecutive admissions reviewed with 
particular reference to this point, the number of cases with predom- 
inant right-sided lesions was about equal to the number of cases wnth 
predominant lesions on the left side. 

Conclusion.— 1. Pulmonary tuberculosis does not affect the incidence 
of abnormal cardiac rhythm or abnormalities in the conduction mechan- 
ism. In the majority of cases presenting these abnormalities, other 
clinical or laboratory evidence of intrinsic cardiovascular involvement 
can be elicited. 

2. It is suggested that right pulmonary lesions involving the medi- 
astinum may constitute an extracardiac factor in the causation of 
arrhythmias and conduction abnormalities in a 'previously diseased 
myocardium. 
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THE SIGNIFICANCE OF MARKED LEFT AXIS DEVIATION 
OF THE ELECTROCARDIOGRAM* 


By James M. Faulkner, M.D. 
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AND 
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While it is generally recognized that moderate deviation of the 
electrical axis of the heart to the left is a common finding in normal 
individuals, its frequency approximating 20%, there appears to be 

* This paper is based on work carried out in 1937-38 at the Thorndike Memorial 
Laboratory. Second and Fourth Medical Services (Harvard), Boston City Hospital and 
the Department of Medicine, Harvard Medical School. 

VOL. 208, NO. 2 — AUGUST, 1944 8 



206 


FAULKNER, DUNCAN: :iIARKED LliFT AXIS DEVIATION 


little agreement as to the significance of the less frequent but by no 
means rare pattern of marked left axis deviation in which S2 is of 
greater amplitude than R; (Fig. 1). References to this electrocardio- 
graphic pattern are few and opinions as to its significance are contra- 
dictory. CohiF reported finding it once in a series of 218 normal 
soldiers. 

Katz^ interjirets this tyjie of record as definitely abnormal, indicating 
left ventricular preponderance. iNJastcr^ has published a record of this 
type in a woman of 75 and described it as follows: “The electrocardio- 
gram indicates the left ventricular hypertrophy by left axis deviation. 
It is otherwise normal.” However, on the opposite page referring to 



Fig. 1. — Pattern of marked left axi.s deviation. 


the same record, he writes: “Electrocardiogram is negative. The left 
axis deviation is normal at this age.” In the absence of any large scale 
study of the clinical and pathologic findings associated with the pattern 
under discussion it has been difficult to form an opinion as to its 
meaning. 

In order to assess the significance of marked left axis deviation the 
clinical records of 200 consecutiA’-e cases exhibiting the pattern were 
studied. One hundred of these cases exhibited an upright T3 and 100 
exhibited an inverted T3. 

To make a crude estimate of the relationship between predominant 
left-sided enlargement and the pattern under consideration, the cases 
were divided into 2 groups, based upon the clinical findings. In one 
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group were placed all the cases in which factors were present which 
might be expected to produce left ventricular enlargement— such as 
arterial hypertension or valvular disease. Hypertension was defined 
as a systolic blood pressure above 150 mg. Hg or a diastolic blood 
pressure above 90 mg. Hg. In this group were also included all cases 
exhibiting cardiac enlargement by Roentgen ray even if neither of the 
above etiologic factors were known to be present. In the second group 
were placed all cases with normal blood pressures, without valvular 
disease or in which the total transverse diameter of the heart as 
measured by Roentgen ray was less than one-half of the internal 
diameter of the thorax. It is clear that the criteria employed would 
not accurately separate all the cases of left ventricular enlargement 
from those with normal hearts, but there would be some error in both 
directions which would cancel out to a certain extent in such a large 
group. These figures indicate that 103 cases (51.5%) showed no 
obvious cause for or (when measured) positive Roentgen ray evidence 
of enlargement of tlie heart. 

Measurements of the heart were made from teleroentgenograms in 
97 cases and in 35 cases (37 %) the cardiothoracic ratio was less than 
50%. 



Fig. 2. —Age incidence of 200 cases exhibiting marked left axis deviation as compared 
to 200 unselected cases from the electrocardiographic laboratory. Note increased 
incidence in older decades. 

A comparison of the age incidence of these 200 patients with marked 
left axis deviation with the age of 500 unselected cases from the electro- 
cardiographic file showed a distinctly increased frequency of the condi- 
tion in the older age groups (Fig. 2). A single chest lead (Lead JVF 
or IVR) was taken in each case and was normal in 186, abnormal in 14. 
These findings would suggest that the pattern of marked left axis 
deviation would not in itself alter the contour of the chest lead to an 
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abnormal degree such as is seen assoeiated ^Yitb the pattern of left 
ventricular enlargement. 

The autopsy records of 27 cases were analyzed. The actual heart 
weights were as follows (italics indicate females) : 700, 650, 640, 640, 
600, 580, 540, 500, 500, 465, 450, 450, 420, 420, 420, 420, 400, 390, 340, 
330, SIO, SIO, 300, 280, 275, 270, 250. Ten of tlie hearts were of 
normal weight (below 400 gm. for men and 350 gm. for women). 
Coronary arteriosclerosis with slight or greater degrees of narrowing 
was present in 9 cases. One case exhibited complete occlusion of the 
descending branch of tlie left coronarj’^ artery with myocardial infarc- 
tion. Myocardial fibrosis of greater or less degree was recorded in 12 
cases and was absent in 13. It was not recorded in 2. Vahmlar disease 
was noted in 8 cases, 4 of aortic stenosis, 2 of aortic insufficiency and 2 
of mitral stenosis. 

Comj^cic absence of any evidence of organic disease of ihc heart vas 
recorded in 8 cases (30%). 

Discussion. Deviation of the electrical axis to the left may be 
caused by any one of 4 factors, namely; 1. Enlargement of the left 
ventricle. In order to make a positive interpretation of left ventricular 
enlargement there must be certain changes in Lead 1 consisting pri- 
marily of a depression of the S-T interval and in more advanced cases 
bj'^ frank inversion of Ti, with concomitant changes in the opposite 
direction in Lead III. Not invariably present but of positive signifi- 
cance if found, is an increase in voltage of Hi. The actual deviation 
of the axis may be slight or, in vertically placed hearts, even absent. 
This pattern may develop even before there is detectable Roentgen 
ray evidence of enlargement.- Records of this t^^pe were excluded by 
the criteria employed. 

2. DeJayed activation of the left ventricle, easily recognized by tlie 
prolongation of tlie Q-S interval. Records of tliis type were also 
excluded by the criteria employed. 

3. Transverse position of the heart. This is tlie most frequent cause 
of left axis deviation being found in individuals of stocky build or witli 
high diaphragm from obesity, pregnancy, etc. It is due to rotation of 
the heart to the left on its A-P axis and may be recognized by a ten- 
dency to inversion of all the complexes in tlie tliird lead — P-waves and 
T-waves as well as the initial ventricular complex. Seldom if ever, does 
elevation of the diaphragm cause the marked degree of left axis devia- 
tion which is tlie object of tliis discussion. Although it was doubtless 
a contributing factor in some cases, tlie Roentgen ray studies did not 
reveal an abnormal frequency of transverse position of tlie heart in 
this series. 

4. notation of the heart to the right on its longiUidinal axis. This is tlie 
phenomenon which causes tlie paradoxical shift in the electrical axis 
to tlie left when a person lies on his right side. The effect of this 
rotation is to swing tlie left ventricle from a relatively posterior position 
in relation to the right ventricle into a position which is relatively less 
posterior and more lateral. Since the muscle mass of tlie left ventricle 
normally far exceeds tliat of the right ventricle, a slight degree of rota- 
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tion on the long axis would be expected to exert a marked effect on the 
electrical axis. This was clearly demonstrated on dogs by Meek and 
Wilson,® who rotated the heart in sHu by means of sutures attached to 
the epicardium. In man, rotation of the heart on its long axis might 
occur as the result of a congenital variation, a change in the shape of 
the thorax, displacement of the mediastinum by air, fluid or massive 
collapse of the lung, pleuro-pericardial adhesions, and by left ventricular 
enlargement. The degree of rotation necessary to produce a marked 
shift in electrical axis to the left may be so slight as to escape routine 
Roentgen ray or postmortem observation and it was not recorded in 
any of the cases in this series. In only a relatively small number of the 
cases were gross factors other than left ventricular enlargement noted 
which might explain rotation. The tendency of the axis to shift to the 
left with increasing age which has been described by Schlomka® and 
confirmed by the present studj'" could be ascribed to senile changes in 
the shape of the thorax with resultant rotation of the heart. In brief, 
the relationship of marked left axis deviation to rotation of the heart 
on its longitudinal axis remains a tenable but entirely unproved hypoth- 
esis, and whatever the explanation for this electrocardiographic variant 
may be, the fact stands out that a high percentage of the hearts which 
exhibit it are entirely normal in every respect. The figures are partic- 
ularly significant because they come from a charity hospital where 
electrocardiograms are not taken as a routine but only if heart disease 
is suspected. In other words, this study is based on a group which has 
already been selected on the basis of suspected heart disease and which 
therefore is heavily weighted in that direction, so that the finding of as 
many as 30% entirely normal hearts at autopsy would indicate that 
marked left axis deviation is of no specific pathologic significance. 

Summary. An attempt was made to correlate marked left axis devi- 
ation of the electrocardiogram with significant clinical and postmortem 
findings. A study of the clinical records in 200 cases revealed that 
51.5% had no underlying reason for or evidence of, left ventricular 
enlargement. 

Measurements of the heart from teleroentgenograms in 97 cases were 
within normal limits in 35 cases (37%). 

In 27 autopsied cases the heart was entirely normal anatomically in 
8 (30%). There was a definite increase in the incidence of the pattern 
in the older age groups. 

Conclusion. The finding of marked left axis deviation in an other- 
wise normal electrocardiogram is to be regarded as a normal variation 
which, though encountered with increasing frequency with advancing 
age, cannot be correlated with ventricular enlargement, coronarj'^ dis- 
ease or myocardial disese, 
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DEVELOPMENT OF HYPERTENSION ASSOCIATED WITH LESIONS 

OF THE KIDNEY 

By IIerman 0. Mosentilvl, M.D. 

NEW YOnK, N. Y. 

The thought that renal disease is associated with an elevated blood 
pressure was initiated by llichard Bright more than a century ago. 
Subsequently, another interpretation of the cause for a rise of arterial 
tension was made by various clinicians in Germany, England, France, 
and the United States. Their ideas may be gathered from the terms 
they applied to hypertensive disease: 

“Latent arteriosclerosis”— von Basch 1876; 

“Pre-albuminuric stage of Bright’s disease”— Mahomed 1879; 

“Pre-sclerosis”— Huchard 1893; 

“Hyperpiesis”— Allbutt 1895; 

“Essential hypertension”— Frank 1911; 

“Hypertensive cardiovascular disease”— Janeway 1913; 

“Malignant hypertension”— Keith, Wagener and Kernohan 1928. 

A reversal of opinion came about in 1934 when Goldblatt and his 
colleagues published the results of their observations.- From their 
classical experiments which demonstrated tliat renal ischemia will 
cause a rise in blood pressure, they endeavored to establish a Unitarian 
etiology for hypertension, namely, a functional derangement of kidney 
activity resting upon a morphologic basis.® 

The efforts of Homer Smith,® eitlier through his own experiments or 
the application by others of methods devised by him, proved that in 
many cases of hypertension, not only is renal function normal but the 
flow of blood through the kidneys is not diminished. Definite evidence 
that hypertension is not necessarily secondary to renal disease was 
furnished by Castleman and Smithwick.* They investigated kidney 
biopsy material obtained at subtotal sympathectomy operations and 
discovered a considerable number of normal kidneys, both on gross 
inspection and on microscopic examination, in hypertensive patients. 
Thus the concept of primary, or essential, hypertension may be con- 
sidered as definitely reestablished. 

This does not imply that hjqjertensive states cannot be secondary 
to kidney disease. In chronic albuminuria due to nephritis, we have 
found that hypertension is more frequently developed as a serious 
complication than is renal insufficiency.'* Manj'' reports have given 
enthusiastic accounts of cures of hjqjertension by unilateral nephrec- 
tomy. More recentlj^, considerable skepticism on this score has 
arisen. Both urologists and pathologists have published a great deal 
of material showing that there are as many persons, with lesions in the 
urinary tract who have hj’pertension, as persons without hypertension 
who have corresponding renal involvements. The climax of this 
situation is the conclusion of Homer Smith and his associates,® tliat 
data from the literature are impressive in their statistical demonstra- 
tion that unilateral renal disease and surgical lesions of the urinary 
tract do not predispose to hypertension. 
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The observation of a number of cases over a period of years, I 
believe, enables us to clarify this problem. It would appear that at 
the onset and during the earlier stages of any renal lesion there may be 
no rise in blood pressure, but as the involvement persists and progresses, 
there comes a time when intermittent elevations of blood pressure occur 
and, finally, the hj^iertension becomes permanently established. The 
reason for this is probably that both the pressor and antipressor sub- 
stances generated by the diseased as well as the normal kidney, com- 
pensate for one anotlier up to a certain point until those factors which 
increase the blood pressure dominate the picture, at first intermit- 
tentlj^ and, later, constantly. Numerous cases can be cited that 
demonstrate the individual phases of this whole series of events. 
Hower^er, one case that gives the complete picture furnishes satis- 
factory evidence, and is fairly conclusive in regard to the validity of 
these statements is represented by the data given in Table 1. 


T.<Bt.E 1.— J. K., 


Date 

1935 Feb. 26 
June 22 
July 23 

1936 Feb. 25 

1938 Oct. 17 

29 

1939 May 18 
Oct. 31 

1940 June 16 
July 15 

29 

Oct. 4 
26 

1941 Jan. 4 

16 

18 

Feb. 13 
18 

Apr. 3 
June 4 
July 11 
Sept. 9 
12 

30 

Oct. 1 

1942 Jan. 3 
Feb. 12 
"Apr. 14 
July 17 
Oct. 10 
Dec. 29 

1943 April 17 
July 22 
Sept. 25 


F., 31 (1935) 

Blood pressure 


Systolic 

Diastolic 

176 

104 

152 

94 

136 

94 

156 

94 

164 

94 

164 

104 

138 

88 

154 

94 

186 

116 

196 

118 

132 

76 

162 

96 

142 

94 

176 

106 

202 

126 

172 

98 

198 

116 

Right nephrectomy 

134 

88 

142 

86 

136 

86 

136 

84 

124 

70 

152 

104 

114 

76 

132 

82 

124 

80 

118 

82 

128 

80 

136 

90 

132 

88 

112 

78 

124 

84 

136 

86 


Intermittent hypertension changing to persistent hypertension in 6 years. Return of 
blood pressure to normal after removal of an atrophic, functionless kidney caused by an 
aberrant vessel compressing the uretero-pelvic junction . 

Case Study. This patient had a congenital obstruction at the right uretero- 
pelvic junction resulting from an aberrant vessel. From 1935, when she was 
31 years old, to 1941, there was an intermittent rise in blood pressure to which 
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no detailed attention was paid largely because of the unwillingness of the 
patient to cooperate, and also for the reason that there were intervals when 
the blood pressure was at an approximately normal level. In 1941 the blood 
pressure became pennanently elevated and it was at this time that a complete 
urologic examination was done; and a functionless right kidney demonstrated. 
Right nephrectomy showed that the kidney had been destroyed because of 
an aberrant vessel compressing the ureter at the uretcro-pelvic junction. For 
a period of 2^- years following the nephrectomy the blood pressure dropped and 
remained at almost nonnal levels. 

It is evident from these observations that a Iniman being can carry a 
unilateral lesion in the kidney for 87 years, or perhaps longer before 
hypertension becomes permanent. Tlie fact that the blood pressure 
maintained a much lower level for the observed period of years after 
the atrophic kidney had been removed, demonstrates that this dis- 
eased kidney had been ro.sj)onsible for the production of the elevated 
blood pressure. 

Conclusions. Unilateral renal disease may exist for many years 
without affecting the blood pressure. As compensatory processes for 
the maintenance of normal arterial tension became strained, periods 
of intermittent rise in blood pressure occur, h'inally, a permanent 
hypertension may develop. The extirpation of a unilaterally diseased 
kidney should prevent a ri.se in Idood pressure, or remedy it if it has 
become permanently establi.shed, provided there are no causes for 
hypertension either in the remaining kidney or elsewhere in the body. 
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It is ivell known that impaired function of the adrenal cortex is 
associated with hj^iotension. ConA'-ersely, neoplasm of the adrenal 
cortex is generally accompanied bjr hypertension; the elevated blood 
pressure frequently returns to normal after the offending tumor is 
removed." Likewise, excessive administration of desoxycorticosterone 
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acetate may cause hypertension in patients with Addison’s dis- 
ease,® 'i® in adrenalectomized animals,®* in normal animals® ’*'‘’**'**'®* 
and in hypertensive animals.” The production of experimental hyper- 
tension by compression of the renal artery is impossible in adrenal- 
ectomized dogs and adrenalectomy is followed by a prompt fall in the 
blood pressure of dogs previously made hj'pertensive by clamping the 
renal artery.* 

At autopsy, the adrenal glands of hypertensive patients are said to 
reveal hyperplastic or adenomatous changes in the cortex,” the 
incidence of such morphologic changes being greater than could be 
accounted for by the factor of age alone.’®-*® Yet the actual role which 
the adrenal cortex plays in the maintenance of the blood pressure in 
patients with “essential” hj^jertension remains obscure. 

In the present study, the incidence of morphologic changes in the 
adrenal cortex of patients with “essential” hypertension was rein- 
vestigated. This was prompted particularly in view of a recent report® 
which maintained that hjT)ertensives demonstrate no greater incidence 
of histologic alteration in the adrenal cortex than do subjects with 
normal blood pressure. In addition, the excretion of one of the end- 
products of adreno-cortical metabolism (the urinary 17-ketosteroids) 
was determined in a group of normotensive and hypertensive subjects. 

Material and Methods. A review was made of microscopic sections of the 
adrenals of hypertensive and normotensive patients.* These specimens were 
prepared by members of the Department of Pathology in the course of routine 
postmortem examinations. In each instance, the entire cortex was studied 
grossly for adenomatous or hyperplastic changes. In addition, the width of the 
left ventricular wall was recorded and hypertrophy was regarded as present if 
the width exceeded 12 mm.®® The total weight of the heart was taken to be 
increased if it exceeded the normals of each age group in the tables of Rdssle 
and Roulet,®® A search was also made for evidences of arteriolar sclerosis. 

A patient was regarded as having had hypertension if two or more of the 
following criteria were present; (1) persistent systolic blood pressure of 140 
mm. Hg or more, (2) persistent diastolic blood pressure of 90 mm. Hg or more, 
(3) width of the left ventricular wall exceeding 12 mm. (in the absence of 
rheumatic or luetic heart disease, and of hj^jerthyroidism), (4) increased total 
heart weight and (5) arteriolar sclerosis. 

The clinical and necropsy records of 135 patients were thus reviewed. Ac- 
cording to the criteria outlined above, 65 were classed as hypertensives and 70 
as normotensives. 

The second part of this study dealt with the excretion of 17-ketosteroids in 
normal subjects and hypertensive patients. As is generally known, the 
17-ketosteroids are formed primarily from the secretions of the adrenal cortex, 
but they are also derived in the male from the testicular steroids. Since it is 
difficult to estimate accurately testicular activity in the male, this phase of the 
investigation was confined to female subjects in whom the entire 17-ketosteroid 
output may be considered as derived from the adrenal cortex. 

The urinary 17-ketosteroids were determinedf (with minor modifications) 
by the method of Friedgood and Berman'® which is based on the reaction first 
described by Zimmerman.” The final calculations were made from a pre- 
viously prepared curve using dehydroandrosteronej as standard material. In 

* With the assistance of John J. Larkin, M.D., Department of Pathology, New York 
Post-Graduate Hospital. 

t With the technical assistance of Julius Wiland, B.S., now Lieutenant Sanitarv 
Corps, Army 6f the United States. 

t The dehydroandrosterone was supplied through the courtesy of Dr. Max Gilbert 
of the Sobering Corporation. 
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our hands, this procedure gave excellent recoveries of known quantities of 
dchydroandrosterone added to urine. 

Each patient was instructed in the manner of collection and refrigeration of 
the 24-hour urine specimen. Only one .such specimen was collected from each 
patient, since the 1 7-ketostcroid excretion is reputed to be quite constant from 
day to day 

For reasons already stated, these studies were confined to female patients; 
a total of 54 analyses were made. Forty were from lij^per tensive patients 
ranging in age from 28 to 70 yeans with an average S3'.stolic blood pressure of 
200 mm. Hg (range 150 to 274) and an average diastolic blood pressure of 110 
mm. Hg (range 80 to 148). Fourteen analj'ses wore made from normotensive 
subjects with an age range of 20 to 70 3 'ears. 

Results. Table 1 shows the incidence of liyperplastic or adenomatous 
changes in the adrenal corte.v in 70 normotensive and 65 liypertensive 
patients as revealed by gross and microscopic necropsy material. No 
difference was found in the incidence of such changes in the two groups. 

Tabi.e 1. — The I.vcjde.vcb ok l^rrRitPt.ASTtc on AoEsonArovs Changes is the 
Adhenai. Cortex and the Excretion of Urinary 17-Ketosteroids 
i.N Noiimotenrivi: and Hvperten.sive Subjects 


Group 



Norinotensix'c 

Hj-pcrtpiisive 

Adrenal cortex: 



Hyperplastic or adenomatous ohnngc.s: 



No. of subjects 

.33 

30 

% 

Normal : 

47 

46 

No. of subjects 

37 

35 

% 

53 

54 

Urinary 17-kotosteroid excretion;* 



No. of subjects: 



Total 

, 17-ketosteroid excretion, mg./24 hr.s.: 

2.5-12.5 

U 

40 

4 

37 

12.5-22.0 

10 

3 

Average, mg./24 lirs 

, 14,2*4 0 

S 4*4.3 

* The significance of those findings was evaluated by tbc formula 


X> - XT 

j N 1 N 2 


- i- ■ ^ = iNiirP + N.'tr.’ 

\N, -f Nt - 2 

\N! -f Ns 



for a small series and t was checked against Fisher’s tables.’” In this formula X' repre- 
sents the mean for the normals, x, the mean for the hypertensives, Ni the number of 
normal cases, Nr the number of hypertensive cases, er, the standard deviation of the 
normals and 02 the standard deviation of the hypertensives, t is 4.35 which represents 
a significant difference. 


In. 40 female patients with hypertension, the average dail.v output 
of.l7rketosteroids was less than in a control group of Mnormotensiyes. 
Four of 14 normal subjects excreted less than 12.5 mg. of 17-ketosteroids 
in 24 hours, whereas only 3 of the 40 hypertensives exceeded this figure. 
The significance of this finding was corroborated by a statistical analysis 
(see footnote, Table 1). .In 3 hj^pertensives, the 17-ketosteroid excre- 
tion was relativelj^ high (18.2, 18.7 and 22 mg. in 24 hours, respectively). 
It is interesting to conjecture that in these patients the hj^pertension 
may have had -its origin in or at least may have been associated with 
hyperactivity of the adrenal cortex. 


EXCRETION OF 17-KETOSTEROIDS 
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So-called "blood adreno-cortical substances (a-c bodies)” were also 
determined in the hypertensive and normotensive subjects;* but the 
results are not detailed here since the significance of such determinations 
is as yet not clearly defined. The method employed was that of Raab,“ 
which is a modification of the Shaw^®-Whitehorn^*’ procedure. Appar- 
ently, the color reaction utilized in this method is not specific for 
adrenalin; ascorbic acid is one of several important interfering sub- 
stances. These a-c bodies do not increase quantitatively in the blood 
when the blood pressure is elevated during the cold-pressor test in 
humans nor following the injection of renin in cats; there is, however, 
a close correlation between the rise in blood pressure and the concen- 
tration of a-c bodies in the blood of animals after the intravenous 
administration of adrenalin.'*^ In the present study, the 14 normo- 
tensives showed an average of 9.65 3.55 micrograms of a-c bodies in 

100 cc. of blood, whereas the 40 hypertensives averaged 9.81 3.13 

micrograms. The difference between the two groups was statisticallj^ 
insignificant. 

Discussion. The present findings confirm the observation of Demp- 
sey® that nodular or adenomatous hyperplasia of the adrenal cortex 
is not regularly found in association with hypertension and that it 
occurs with considerable frequency in non-hypertensive cases. It 
appears safe to conclude, therefore, that hypertension is not necessarily 
accompanied by any specific alteration in the histology of the adrenal 
cortex. Likewise, it has been reported that the size of the adrenal 
gland is not altered by a preexisting hypertensive state.® 

Although the findings presented here indicate that the hj^jertensive 
tends to excrete less 17-ketosteroids in the urine than the normotensive, 
this cannot be taken as evidence of adreno-cortical hjqroactivity. 
Browne and his co-workers^ and, more recently, Horowitt and Dorf- 
man,‘® have demonstrated the presence in urine of a substance with 
cortin-like properties which does not give the color reaction for 17- 
ketosteroids. Therefore, the evidence given here does not preclude the 
possibility of adreno-cortical hyperactivity in patients with hyper- 
tension. In fact, Selye®® has produced hypertension and renal arteriolar 
sclerosis in rats by the administration of excessive doses of salt and 
desoxycorticosterone acetate. If, however, it can be demonstrated that 
the adrenal cortex of h;>’pertensives does not produce an excess of 
cortin, the present studies on 17-ketosteroid excretion suggest a 
hypofunctioning adrenal cortex in patients with hypertension, reflecting 
perhaps a gland exhausted under the constant strain imposed upon it by 
the persistent elevation in blood pressure. 

Conclusions. 1. There is no difference in the incidence of hyper- 
plastic or adenomatous changes in the adrenal cortex of hjq)ertensive 
and normotensive subjects. 

2. The urinary excretion of 17-ketpsteroids is significantly lower in 
hypertensive than in normotensive subjects. 

3. _ Some theoretical considerations are offered to account for these 
findings. 

* With the technical assistance of Samuel Member, B.S. 
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FACTORS INFLUENCING FALSE POSITIVE SEROLOGIC 
REACTIONS FOR SYPHILIS DUE TO SMALLPOX 
VACCINATION (VACCINIA)* 
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Recent observations and studies have shoAvn that smallpox A^ae- 
cination (vaccinia) is capable of producing false positive serologic 
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reactions for syphilis. Such reactions are of sufficient frequency and 
intensity to be a serious source of error in the serologic diagnosis of 
syphilis. 

In 1940, Barnard^ reported the case of a young man, recently vac- 
cinated, who gave repeated strongly positive Kahn reactions. Mohr 
and associates® included a similar case in their report of the causes of 
biologic false positive reactions. Thomas and Garrity,'^ by statistical 
analysis of 20,000 recruits, concluded that smallpox vaccination fol- 
lowed by accelerated and non-immune reactions, was the probable 
cause for the increase in the incidence of false positive reactions for 
syphilis. One case was studied in detail. 

It remained for Lynch et aU to demonstrate conclusively, that 
smallpox vaccination was a frequent cause of false positive reactions. 
In a carefully controlled study on 263 persons with a primary vaccinia, 
they obtained an incidence of 16% positive individuals by one or more 
of the Kolmer, Kline, Hinton and Mazzini tests. The intensity of 
these reactions varied from ^ to -b 4- + + • They appeared in 2 weeks 
and remained positive for 2 months in most instances. A few persisted 
for 4 months and one for 5 months. Apparently, individuals with 
accelerated and immune reactions were not included in the group. 

An opportunity for a similar study was presented to us® recently. 
An importation of a case of smallpox near the Philadelphia area led to 
mass vaccination approximating one million persons. A group of 
individuals was chosen in whom a serologic test for syphilis had been 
performed within a reasonable time previous to the vaccination. 
There were 202 individuals ranging in age from 3 weeks to 84 years. 
Over one-half were between 20 and 30 years of age, consisting mostly 
of medical students and nurses. 

Forty-four individuals developed a primary cutaneous (non-immune) 
reaction at the site of inoculation, 134 developed a local accelerated 
(vaccinoid) form and 24 were immune. 

Out of 202 individuals on whom a single blood examination was 
performed, 19 were found to be positive by one or more of the Kolmer 
simplified complement-fixation test, the Kahn and Mazzini flocculation 
tests. They were examined from 10 to 57 days following vaccination, 
but 93.6% were done before the 43rd day. Twenty-five persons who 
gave a negative reaction 14 days after vaccination, were reexamined 
14 days later (1 month after vaccination). Four out of this group 
were now positive. No doubt additional positive individuals would 
have been detected if the entire group had been examined in a similar 
manner. 

In all, 24 individuals out of 202 gave a false positive reaction for 
s^hilis, giving an incidence of 11.8%. This figure included all indi- 
viduals regardless of the type of vaccination reaction. Smce the 
positive serologic reactions were about equally divided between the 
non-immune and accelerated groups and none occurred in the immune, 
the percentage of positive individuals would be higher, if the latter 
immune group were excluded. 

The serologic reactions were mostly +- b or less in intensity (Table 1) 
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and would be classified as negative or doubtful. However, 22.4% 
were + + + or stronger. The positive individuals were reexamined 
at regular intervals. At the end of GO days, only 8 were still positive, 
while in 80 days, 4 were weakly positive. 'I'm'o persisted for 100 days, 
and all became negative in 120 days. 

Tabi.e 1. — Number and Degree or iNTuNsm' or Seroi.ogic Reactions Encountered 
IN 202 Individuals Following Smalltox Vaccination (First Study) 

DcRree of 

reaction * + ++ + + ++ + + + Total 

Kolmcr ... 2 5 1 . . S 11 

Knhi) .....') <: a 1 a 18 

Miizzini ... (i 0 S (1 . . 29 

Total .... IS 20 12 7 (i 58 

In order to show tiiat the incidence of false positive reactions in this 
study was not due to chance alone, a survey was made of the number 
of positive individuals encountered in the same laboratory for 1000 
tests of each type performed. When this figure was employed for 
calculating the significant difference, when compared to the experi- 
mental group of 11.8% in 202 individuals, the difference was found to 
be highly significant. Furthermore, tlie reactions persisted in the same 
individuals and gradually disappeared spontaneously. The smallpox 
vaccination was the only apparent factor operating. 

Reports from other sources have added additional evidence to show 
that smallpox vaccination is an important cause of biologic false 
positive reactions for syphilis. Arthur and Hale,' in studying 95 
soldiers, found that 14 (14.8%) gave a temporary false positive reac- 
tion. Their study was begun after the men had been recently vacci- 
nated against typhoid fever, tetanus, smallpox and yellow fever. They 
concluded that the false reactions were the result of the combined 
inoculations of the routine Army immunizations. 

Lubitz'* reported an incidence of 13% positive serologic reactions to 
one or more tests in 100 individuals with a primary smallpox vaccina- 
tion reaction. The pattern of the subsequent course of the tests was 
essentially the same as that followed in studies of Lynch and ours. 
Lubitz also showed that the positive serums did not give the hetero- 
phile antibody test, and storage of the serums for 2 to 17 days at 4” C. 
produced a marked reduction in the intensity of the serologic reactions 
when they were repeated. Syphilitic serum, on the other hand, dropped 
only slightly. Such a finding would imply that storage at low temper- 
ature might be used, in part, to differentiate the false from the true 
type of syphilitic reaction. 

Analysis of the Second Study. In January, 1943, the entire student 
body of a medical school was vaccinated against smallpox. Subse- 
quently, a new freshman class was enrolled, leaving three-fourths with 
a recent vaccination. Six months later the students were again sub- 
jected to vaccination, not only to smallpox, but to typhoid, para- 
tjqjhoid fevers and tetanus. Since smallpox vaccination was given 
after the administration of tjqjhoid vaccine and 2 injections of tetanus 
toxoid, an opportunity was offered to determine just what role such 
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immunization played in the production of false positive reactions for 
syphilis. It also offered additional data for the continued study of 
smallpox as a cause of false positive reactions. Other factors were also 
studied. 

The second group for study was composed of men between the ages 
of 21 and .30 years. It included 323 individuals, three-fourths of whom 
were vaccinated for smallpox 6 months previously. Following a pre- 
liminary blood test they were revaccinated. Six individuals developed 
a primary cutaneous (non-immune) reaction, 71 developed an accel- 
erated (vaccinoid) form, and 246 were immune. One month after the 
date of vaccination, a blood specimen was obtained and examined with 
the Kolmer, Kahn and Mazzini tests. No opportunity was offered for 
more frequent and prolonged observations. There were 15 individuals 
with 21 positive serologic reactions. Five of these occurred in the 
accelerated and 4 in the primary (non-immune) group, while 6 were 
immune. The serologic reactions in this study were mostly -f-|- or 
less in intensity. Twenty per cent were -1- + + or stronger, and 
occurred in the accelerated and primary (non-immune) types. 

The large number of immune individuals in this second study con- 
tained 2.4% of weakly positive serologic reactions. The combined 
total for the accelerated and primary individuals amounted to 11.7%, 
which is almost identical with that of the first study (11.8%). The 
serologic tests taken before vaccination and used as control revealed 
an incidence of 1.6% positive individuals. These tests were done after 
typhoid and tetanus immunizations. Thirty days after vaccination, 
and including all individuals regardless of their vaccinia cutaneous 
reactions, 4.6% were positive. On this basis alone there is a significant 
difference in the increase which can be attributed to smallpox vac- 
cination. 

Summarizing the pooled data (Table 2) on 525 individuals, using a 
single blood test 30 days after vaccination, there were 270 immune 
cutaneous vaccinia reactions with 6 weakly positive individuals (2.2%) . 
Out of 205 acclerated reactions 15 (7.3%) were positive, while 13 
(26%) out of 50 primary (non-immune) were positive and included 
most of the strong^ false positive tests for syphilis. Excluding the 
immune, 11% of the individuals with an accelerated or non-immune 
cutaneous vaccinia reaction were positive by one or more of the Kolmer, 
Kahn and Mazzini tests. 

Table 2.— Cutaneous Vaccinia Reactions and Serologic Response in Each Type, 
With a' Single Specimen of Blood After 30 Days (Cojibined Study) 

Type of vaccinia reaction 
Non- 

immune Accelerated immune Total 

Number of individuals . . 270 205 50 525 

Individuals with positive tests .6 15 13 34 

Percent . . ... 2.2 7.3 26 6.5 

Per cent positive of accelerated and non-immune individuals, 11. 


In view of Arthur and Hale’s worki in which the false positive 
reactions were attributed to the combined effects of tjqihoid, tetanus, 
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smallpox and yellow fever immunizations, an attempt was made to 
elarify this problem. Smallpox vaccination alone is capable of pro- 
ducing false positive reactions for syphilis in 11 to 16% of individuals. 
No clear-cut evidence is available to show that other forms of immun- 
ization are capable of doing the same thing. 

To verify experimentally if multiple immunizations, excluding small- 
pox, can produce similar false positive serologic reactions, the following 
investigation was undertaken. There were 314 men who had received 
a Kahn serologic test just prior to the first injection of tjTjhoid (T.A.B.) 
vaccine and tetanus toxoid. Twelve days after the last of the 3 weekly 
inoculations of typhoid (T.A.B.) and 10 days after the second and 31 
days after the first inoculation of tetanus toxoid, a sample of blood 
was obtained for serologic examination. Five individuals, giving an 
incidence, of 1.6% had weakly positive serologic reactions. No test 
gave a stronger reaction tlian + in this group. In view of these find- 
ings, it cannot be said that tj'phoid and tetanus immunizations con- 
tribute materially to the problem of false positive reactions for syphilis. 

The question arises whether non-specific stimulation with otlier 
antigens might cause a rise in the pseudo-sjqjhilitic reagin of an indi- 
vidual who had been recently vaccinated and had developed a false 
positive serologic reaction. It was possible to assemble a group of 5 
individuals who gave a false positive syphilitic reaction 6 months 
previously. They gave 8 positive reactions by one or more of the 
Kolmer, Kahn and Mazzini tests. In no instance were these individuals 
positive after immunization with typhoid vaccine and tetanus toxoid. 
A control group consisting of 17 men witli similar vaccinia reactions 
and negative blood G months previously also failed to show any positive 
syphilitic reactions. 

Since tlie majority of individuals had been vaccinated 6 months 
previously, what effect would revaccination liave on the serology of 
those who gave false positive tests originally? Six individuals were 
available whose data were comparable (Table 3). All of the persons 
had returned to normaLserologic tests 3 months previously and had a 
negative serologic reaction for all tests, before revaccination. Fourteen 
days following revaccination 1 gave a -k-f Kolmer while anotlier gave a 
-f- -k Mazzini. These returned to normal in 30 days, although 1 of the 2 
showed a ^ Mazzini at this time. The number of cases studied is not 
sufficient to draw conclusions, but can be used as a nucleus for further 
investigation. 


Table 3. — Serologic Response Following Revaccination of Previously 

Positive Individuals 


Case 

No. 

15 

23 

25 

52 

55 

102 


Serologic tests 14 days after 
original vaccination 

Serologic tests 

6 months later 

Serologic tests 14 days 
after revaccination 

Kol. 

4* 

+ 

Kahn 

4-4- 

Maz. 

+ + 

Kol. Kahn Maz. 

Kol. 

Kahn 

Maz. 

A 

+ 4- 

4- 4- 4- 4- 

++^+ 

A- 

+ 

+ + + 

- - " 

4-4- 

- 

+ + 


Type of 
cutaneous 
vaccinia 
reaction 
Immune 


It has been pointed out that the sera of individuals with false positive 
tests for syphilis have a rapid loss of the reagin which produces such 


221 


-pAA^ORiTE: FALSE POSITIVE SEEOLOGIC REACTIONS 

reactions. Lubitz, using tbe Kahn test, found that after standing in 
the ice-box at 4° C. for 2 to 17 days the titer of the serum fell appreci- 
ably, a -f-b-f-f reaction falling to -f or negative. The weaker 
positives fell proportionately. The titer of the serum from syphilitic 
patients remained the same or dropped slightly. 

Five of our sera were retested after storage for 7 months in the 
ice-box at 4° C. Table 4 shows the result. TW Kahn test showed an 
appreciable decrease in the weaker positives, but the Kolmer and 
Mazzini tests retained their sensitivity with only some decrease in the 
weakij'' positives. Our sera were not inactivated before storage. 

Table 4.— Serologic Tests on Positive Unaltered Sebum After Storage at 

4° C. FOB 7 Months 

Original tests Tests 7 months later 

(2-5-43) (9-7-43) 


Case No. 

Kol. 

Kahn 

Maz. 

Kol. 

Kahn 

Maz. 

9 . . 

4" 


-1-4- 

+ 4- 

— 

=b 

15 . . 

— 

4-4-4- 

+ 

db 

+ 

++ 

32 . . 

— 

4- ^ 

-t + 

— 



55 . . 

4-4- 

— 

+ 

+ 

— 

+ 

102 . . 

. 4~4-4-4- 

4-4-4~4- 

+ + -1- 

+ + + + 

+ + + 

++-[-+ 


Comment. The total of both groups so far studied is 525 individuals, 
the majority of whom were male adults between 20 and 30 years of 
age. To draw accurate conclusions as to the incidence of biologic false 
positive tests for syphilis due to smallpox vaccination, several factors 
must be taken into consideration, one being the type of vaccination 
reaction. Lynch et al. basing their study on primary reactions, found 
16% positive individuals with the use of multiple serologic tests, while 
Lubitz, who apparently employed only one serologic test, found 13% 
positives in primary reactions and none in accelerated and immune. 
In the 26 cases of Thomas and Garrity, who also employed the Kahn 
test only, 3 were immune, while the other 23 were about equally 
divided between the non-immune and accelerated. Twenty-four 
immune individuals in our first study were all negative. 

In our second study, however, 6 out of 246 immune individuals 
(2.4%) gave weakly false positive serologic reactions. There are 
several possibilities for this finding. First of all, smallpox vaccination 
with an immune cutaneous response may be capable of producing such 
reactions. Secondly, this low incidence may be representative of the 
general population of the same age group by the techniques emploj^d. 
Thirdly, recent revaccination may produce a detectable increase in 
the reagin of a previously positive individual. Such suggestive evidence 
has been presented in this study in a very small number of individuals, 
too small to draw conclusions. 

From a practical clinical standpoint, it is extremely important to 
correlate the incidence of false positive tests of the blood with each 
tj^e of vaccinia cutaneous reactions. A person with a positive syphil- 
itic blood test who has been vaccinated recently, is quite Jikelj^ to 
remember, on questioning, as to whether or not a scab was formed. If 
there is no history of a scab, the reaction may be considered as immune 
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and the serologic test interpreted accordingly. ' If, however, a scab 
was formed, denoting an accelerated or non-iinmune (primary) reac- 
tion, vaccination should be suspected as a probable cause of the posi- 
tive syphilitic serologic test. 'I’lie presence or absence of a vaccination 
scar cannot be relied upon entirely as evidence of the type of skin 
reaction, since many accelerated reactions may leave little or no 
marking within the period of the presence of a false jiositive test for 
syphilis. 

The decrease in the intensity of the serologic reactions on storage 
at 4° C. as observed by Lubitz in the interpretation of the tests may 
be of some value. Since such a decrease occurs appreciably with one 
serologic test and only .slightly with others, the value of this observation 
is minimized. 

The transitory nature of false positive reactions is the most im- 
portant characteristic in the din'erential interpretation so far. The 
vast majority disappears in GO days, ^'cry few persist for a longer 
period, and then only as a weak reaction of-}-or less. This has been 
the experience of other invc.stigators already cited. 

In view of Arthur and Hale’s report, it was desirable to analyze the 
probable causes of such false reactions which follow routine Army 
immunizations. Typhoid (T.A.B.) and tetanus immunizations were 
not found to contribute materially to the incidence of false positive 
reactions for syphilis. Thomas and Garrity found that typhoid inoc- 
ulations had .no bearing on the false positive Kahn diagnostic test. 
Observations on a limited number of cases also demonstrated that 
immunization with these antigens did not reactivate a false positive 
test in individuals who gave such tests from accelerated and non- 
immune vaccinia vaccinations 6 months previously. 

The ability of smallpox revaccination within 6 months to reactivate 
a false positive reaction for syphilis requires additional investigation. 
Two individuals, out of 6 studied, again gave false positive tests which 
disappeared in 30 days. The cutaneous vaccinia reactions in all 6 
were of the immune type. The blood serology prior to revaccination 
had returned to normal. Obviously, this phase of the problem is 
extremely important, and requires much additional data to prove 
conclusively if findings in such a small series are due to chance or to 
actualities. 

Summary. 1 . Smallpox (vaccinia) vaccination followed by an accel- 
erated or primary (non-immune) cutaneous response is a newly recog- 
nized and important cause of biologic false positive serologic reactions 
for syphilis. The incidence of such reactions is at least 11 to 16%. 

2. The available evidence justifies the conclusion that an irnmune 
response to smallpox vaccination can be disregarded as a significant 
cause of a false positive serologic reaction for syphilis. 

3. The false positive serologic reactions for syphilis are transitory. 
They appear within 2 weeks of the date of vaccination and disappear, 
in most instances, within 2 months. A few persist as extremely weak 
reactions as long as 4 months. 

4. Typhoid (T.A.B.) and tetanus toxoid immunizations have no 
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significant bearing on tlie production of false positive serologic reac- 
tions for syphilis. 

5. Suggestive findings are presented to show: (a) that recently vac- 
cinated individuals who gave a positive serologic reaction, do not have 
a reactivation of their positive reactions following typhoid and tetanus 
immunizations 5 months later, and [b) individuals with a false positive 
serologic reaction, when revaccinated for smallpox within 7 mdhths, 
may again present a weak serologic false positii'e response for syphilis, 
even though tlie second A’^accinia reaction is of the immune type. 

6. Positive serums stored in the ice-box at 4° C. for 7 months have a 
variable loss of titer. Such loss is not sufficient to be of differential 
diagnostic rvalue. 
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PHOSPHORUS POISONING 

A Report of 16 Cases With Repeated Liver Biopsies in a 

Recovered Case 
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Poisoning due to phosphorus is regarded as uncommon in the 
United States. Reports of only 9 fatalities could be found in our 
medical journals in the past 2 decades, is, 20,27.30,31 ;j^g27 

the American Museum of Safety listed the deaths of 16 children who 
ate fireworks.'^-^^ ' These reports, together with the 4 fatalities reported 
here, suggest that the incidence of phosphorus poisoning may be 
greater than that indicated by a careful perusal of our medical 
literature. 

The relative infrequency of phosphorus poisoning in the United 
States is probably due to the prohibition of the manufacture and sale of 
matches made from yellow phosphorus. In China^® and Japan,^^ 
where the sale of this type of match is permitted, the number of cases 
of phosphorus poisoning has increased in recent years. One milligram 
of yellow phosphorus per kilo of body weight is usually fatal, while red 
phosphorus is relatively nontoxic even in large amounts.® 
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Yellow phosphorus-containing roach poisons and fireworks are still 
available in the United States and represent an obvious danger to 
children. Five of the 9 fatalities reported in the American literature 
resulted from the ingestion of small amounts of fireworks by chil- 
dren.® The other 4 fatalities were due to the taking of roach 
poison Roach poison containing about 2% yellow phosphorus 
is widely sold at most drug and grocery stores. 

At Charity Hospital in New Orleans, 1(5 patients, 4 of whom died, 
have been treated for phosphorus poisoning since 1920. This repre- 
sents an incidence of 1 in every 57,700 admissions. The purpose of 
this paper is to report the clinical picture of pho.sphorus poisoning in 
these patients and to discuss in detail the case of 1 surviving patient in 
whom morphologic liver damage is apparently progressing to portal 
cirrhosis.. 

Case Reports. Fatalities. Case 1. C.C., a 9 month old negro male child, 
ate a piece of potato covered with a layer of roach poison and died 10 hours 
later. There were no gastro-intestinal sjTnptoms, but the child was semicoma- 
tose when seen at the hospital 4 hours after having ingested the poison. His 
temperature was 101.2° F. and his pulse rate 145 per minute, with respira- 
tions 45 per minute. Gastric lavage was done at once and 100 cc. of 5 % glucose 
vith 100 cc. of normal saline were given, but the infant died 6 hours after admis- 
sion. The diagnosis made bj' the coroner at autopsj- was i)hosphorus poisoning. 

Case 2. M.G., a C5 year old housewife, swallowed one' teaspoonful of 
roach poison and died 52 hours later. She was admitted to the hospital 12 
hours after having taken the phosphonis-containing jioison and gastric lavage 
was immediately performed. Throughout the da}' she eomidaincd of epigastric 
pain and progressive weakness. She was semislu])orous, weak and in shock, 
with a blood pressure of GO/40 mm. Hg and a pulse rate of 120 per minute. 
The low blood pressure continued despite a blood transfusion of 500 cc. and 
the intravenous administration of 100 cc. of gum acacia in 400 cc. of saline. 
The patient received 1200 cc. of fluid and excreted 600 cc. of urine. On the 
day of death the blood urea nitrogen ■was 46 mg. per 100 cc.; creatine was 
5.3 mg. per 100 cc. and the blood sugar was 139 mg. per 100 cc. There was a 
trace of albumin in the urine and 2 to 3 red blood cells and 4 to 6 white blood 
cells were seen per high-power field. The coroner’s diagnosis was phosphorus 
poisoning. 

Case 3. Y.R., a 20 year old white housewife, was brought to the hospital 
in a state of coma and died on the same day that she had taken an undeterinined 
amount of roach poison. The coroner’s diagnosis was phosphorus poisoning. 

Case 4. J.R., a 15 month old infant, was admitted Avith a historj' of 5 days’ 
abdominal pain and intermittent vomiting Avhich had not been severe enough 
to keep her from play. On the evening of the 4th day she became comatose. 
She was in deep coma when admitted to the hospital on the 5th day and 
vomited coffee ground material shortly afterwards. She was jaundiced and 
stuporous and on one occasion drew her head and neck back so that she 
appeared opisthotonic. No true conAuilsions Avere seen. The family was unable 
to say whether the child had taken poison of any kind but admitted that roach 
paste had been “set out.” A spinal tap Avas done and clear fluid under normal 
pressure Avas obtained. The child died just as the needle AA’as AvithdraAA'n. 

Spinal fluid examination and urinalysis Avere normal. The blood sugar Avas 
99 rag. per 100 cc., the blood glucose 27 mg. per 100 cc. and the carbon dioxide 
combining power 30 volumes per cent. The icterus index was 50. 

At necropsy the heart weighed 40 gm. and appeared to be slightly dilated. 
The myocardium was pale. Slight atelectasis of the posterior portion of both 
hmgs was noted. The liver Aveighed 500 gm. (normal AA'eight at 15 months, 
330 gm.), was 5 cm. below the costal margin, bright yellow in color, and a loss 
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of lobular arrangement was seen on cut section. No gross abnormalities of the 
pancreas, kidneys, adrenals or spleen were noted. The brain weighed 700 gm. ; 
its gyri were flattened and its sulci narrowed. 

Significant microscopic abnormalities were seen in the liver, kidney and 
brain. In the liver, there was extensive fatty metamorphosis with vacuoliza- 
tion of almost all the liver cells about the portal areas. The rest of the liver 
cells were swollen and granular. Moderate polymorphonuclear leukocytic and 
lymphocytic infiltration was seen in some of the portal spaces, but there was 
no connective tissue proliferation. In the kidney the cells of the tubules were 
granular and swollen, narrowing the lumen of the tubules markedly and closing 
it entirely in some portions. Each renal epithelial cell showed .numerous very 
small vacuoles. The glomeruli were normal. The brain showed moderate 
congestion of the vessels in the leptomeninges and in the brain substance. 
There was no evidence of inflammatory cell infiltration in either of these 
locations. An occasional vessel showed a collar of recent hemorrhage in the 
perivascular space. Vacuolization of the brain matrix and “lacunization” of 
the nerve cells indicated cerebral edema. 

Recoveries. Case 5. M.B., a 30 year old housewife, took 1 ounce of roaeh 
paste containing phosphorus with suicidal intent. Twenty minutes later she 
developed epigastric fullness, became nauseated and vomited. She vomited 
frequently for 4 or 5 hours and then developed a profuse watery diarrhea which 
was accompanied by abdominal cramps that kept her awake all night. She 
continued to vomit everything taken by mouth, but the diarrhea subsided 
after 6 hours. She was admitted to the hospital 18 hours after having taken 
the poison. Her stomach was pumped out inunediately and she was given 
1000 cc. of 10% glucose intravenously. She was emaciated, complained of 
abdominal pain and the upper abdomen was moderately tender to deep pal- 
pation. The blood pressure was 100/80 mm. Hg, the pulse 105 per minute and 
the temperature 101 ° F. The blood and spinal Wassermann tests were strongly 
positive and a 1-plus sugar and a trace of albumin were found in the urine. 
Symptoms cleared rapidly and except for a slight temperature for 3 days the 
patient had no complaints. No jaundice was seen. 

Case 6. E.M., a 30 year old white female, took an undetermined amount 
of roach paste containing phosphorus on a slice of bread. Almost at once she 
developed violent cramping abdominal pains. Gastric lavage was done 3 
hours after the poison had been taken and 4 ounces of mineral oil with 2 ounces 
of 50% magnesium sulfate were left in the stomach. The blood pressure was 
100/70 mm. Hg, the abdomen moderately tender to deep palpation and the 
liver could just be felt. No jaundice was noted. Routine urinalysis and 
blood studies showed no abnormalities. The patient ^vas given 3 infusions of 
1000 cc. of 5% glucose in the first 24 hours. During this time she complained 
of abdominal cramps and passed 8 watery stools. She had a few cramping 
pains during the next 3 days, but was othens'ise well at the time of discharge 
on the 5th day. 

Case 7. E.W., a 35 year old male, took rat poison containing 2.5% phos- 
phorus with suicidal intent. He was admitted to the hospital 12 hours later 
in a state of coma. Gastric lavage was done immediately and a solution of 
2.5% magnesium sulfate was left in the stomach. An intravenous infusion of 
3000 cc. of 10% glucose was administered. The patient was restless and 
vomited frequently. A few superficial ulcers were noted on the reddened 
mucous membrane of his mouth and tongue. There was slight epigastric 
tenderness. On the 2nd day the symptoms had disappeared and he was dis- 
charged on the 5th day. Jaundice was not seen. 

Case 8.' G.M., a 23 year old housewife, took 2 teaspoonsful of roach paste 
in an attempt at suicide. Her physician was called at once and he administered 
11 glasses of salt water which caused the patient to vomit profusely. Then a 
dilute mixture of copper sulfate, potassium permanganate and turpentine was 
left in the stomach. Six hours later the patient was admitted to the hospital 
in no acute distress but with a blood pressure of 98/54 mm. Hg. 

She vomited 11 times on the 1st day, 8 times on the 2nd and complained of 
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inild abdominal cramps and generalized body aches. She wa.s given 1000 cc. of 
5% glucose on the 3rd day and had no complaints. Jaundice was not seen and 
she was discharged on the 7th day. 

The admission laboratorj' findings were 3-j)lus albuminuria, occasional 
granular casts in the urine with blood levels of 52.5 mg. of non-protein nitrogen 
per 100 cc., 25 mg. of urea per 100 cc. and 105 mg. of sugar per 100 cc. On the 
3rd and 7th days the urine was negative and the blood urea had fallen to 15 mg. 
per 100 cc. of blood on the 7th hosj)itnl day. 

Case 9. F.C., a 39 year old white housewife, took an undetermined quantit}- 
of roach poison with suicidal intent. vShc was admitted to the hospital on the 
same day and was semistuporous and restless. Immediate gastric lavage was 
done and the patient vomited clear, ])hosphoresccnt fluid 3 times. She was 
completely well on the following day and left the hospital. 

Cases 10 to 15. Six other ])aticnts who took undetennined amounts of 
roach poison recovered quickly. The jiatients were 2 white male.s, aged 25 
and 42; 1 white female aged 51 ; 2 infant girls aged 18 months and 1 j'ear; and a 
3i year old boy. All had a gastric lavage within 2 hours after taking the poison 
and exhibited no sjnnptojns except mild nausea. All were discharged from the 
hospital within 10 to 20 hours after admission. 

Case 10. G.A., a 01 j'car old iincmplo^'cd wliite male, swallowed an ounce 
of roach paste containing 2% phosphorus at 12:30 A.^r. on April 2, 1942. 
Within 30 minutes he began to vomit, but ijctwcen ])aro\y.sms he managed to 
consume another ounce of roach i)aste. The vomiting became increasingly 
severe and he developed cranqiing abdominal pains and began to pass frequent 
stools which were first solid and then water}' and later contained dark red 
masses "like Concord grapes.” The vomitus and stools were put in the same 
container and omitted a greenish blue light. Vomiting subsided but the diar- 
rhea and abdominal pain persisted throughout the first 48 hoiu's. On the morn- 
ing of April 4 the patient’s landlady found him in a semistuporous state with 
several self-inflicted lacerations on his left wrist. 

He was admitted to the hospital at 4:25 p.m. .on April 4, 64 hours after 
having taken the poison, semicomatose and deeply jaundiced. The blood 
pressure was 92/62 mm. Hg, the pulse 120 per minute and the temperature 
96° F. The liver was felt G cm. below the costal margin in the mid-clavicular 
line. Superficial cuts were noted on the left wrist and many shallow ulcers 
were seen on the mucous membrane of the mouth, tongue and oral pharynx. 

Gastric lavage was done immediatelj' and 100 cc. of mineral oil were left in 
the stomach. The patient was then .given 2000 cc. of 10% glucose intra- 
venously and this was repeated at least once daily for the first 10 days. An 
eggnog mixture containing 00 gm. of protein, 300 gm. of carbohydrate and 
30 gm. of fat was administered each day by duodenal intubation. Vitamin 
concentrates and 2 oz. of mineral oil were also given. After 10 days the patient 
was able to eat and was placed on a diet containing 450 gm. of carbohydrate, 
120 gm. of protein and 70 gm. of fat. 

Throughout the 1st week the patient was semistuporous. He vomited 
occasionally and passed 15 to 20 loose involuntary stools daily during the 1st 
week and 4 to 5 stools daily for the next 5 days. These were clay colored from 
the 5th to the 9th hospital days. Three blood transfusions were given during 
the 1st week. He was markedly jaundiced during this period and the liver was 
felt 6 to 8 cm. below the costal margin. After the 19th day of illness, improve- 
ment was quite rapid and 30 days after the ingestion of the poison the jaundice 
had markedly diminished and the liver was just palpable._ Early in the 7th 
week there was a 1-pIus pitting edema of the ankles, but this disappeared with 
continued rest in bed. The patient was discharged well on May 28, 1942, the 
54th hospital day. He was readmitted for study on July 1, 1942, feeling "per- 
fectly well.” At this time all laboratory tests gave results within normal 
limits. The liver was barelj' palpable and the spleen could not be felt. 

Pertinent laboratory findings are given in Tables 1 and 2. The hemogloom 
varied between 10 and 12 gm. per 100 cc., the red blood cell count between 
3.2 and 5.4 millions per c.mm. Studies of the morphology of the blood and 
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bone marrow cells showed only a mild toxic reaction. During the 2nd week of 
hospitalization the white blood count varied between 11,000 and 16,000, but 
later it was within normal limits. The levels of the blood calcium and phos- 
phorus were not abnormal and the prothrombin time was normal on April 11 
and 21. On May 1, the intravenous bromsulfthalein test show^ed 50% reten- 
tion in 5 minutes and 30 % in 1 hour. On May 13 there was no retention at the 
end of 30 minutes. The hippuric acid test was normal on May 17 and July 1. 

Table 1.— Case 16, Showing the Findings in the Ubine and Stools and Indicating 
That There Was Complete Biliary Obstruction From April 10 to 15, 1942 


Urinalyses Stool analyses 


Date 

Bili- 

Urobil- 


Date 


Stercobil- 

(1942) 

rubin 

inogen 

Microscopic 

(1942) 

Color 

inogen 

4- 5 

Tr. 

-t-l;i0 

Few crystals, no 

4- 6 

Black 

l-b 

(3rd day) 


WBC or RBC 




4- 8 

4-f- 

-i;io 

Many WBC, few hya- 

4- 8 

Brown, 

1-f 




line and gran, casts 


watery 


4-10 

4 + 

None 

Bile-stained casts 

4- 9 

White 

Tr. 

4-12 

4 + 

None 

Tyrosine crystals 4-1-, 

4-10 

Soft, chalky 

0 




gran, and hyaline 


white 





casts 




4-14 

4-f 

None 

Same 

4-12 

Same 

0 

4-15 

4-f- 

Faintly 

10 WBC per bpf, occ. 

4-13 

Same 

Tr. 



positive 

gran, cast (bile 







stain-t-) 




4-16 

3 + 

-M:10 

20 WBC, occ. gran. 

4-14 

Pale yellow 

1 + 




cast (coarse) 


; 


4-17 

3-t- 

-f 1:40 

'5 WBC per hpf 

4-17 

Liquid yellow 

1 + 

4-19 

+ 

-f 1:640 

Occ. WBC 

4-18 

Golden yel- 

4-f (1:160) 






low 


4-21 

+ 

-H:320 

10 WBC per hpf 

4-23 

Yellow 

-f 1:320 

4-22 

+ 

-f r.ieo 

Few epith. cells, no 

4-29 

• > • 

4-1:80 




WBC per hpf 




4-23 


-1-1:80 

12 WBC per hpf 




4-25 

0 

-fr.io 

— 




4-29 

0 

-i-.i:io 

— 

7- 6 

Yellow 

Strongly -p 

7- 6 

0 

4-''4:lO 

Neg. 




9-14 

0 

rl- cone. 

Neg. 





The patient was readmitted September 24, 1942, complaining that pus had 
been draining from his right ear for 2 days. The sclerffi were slightly yellow 
and the right ear drum was injected and perforated. The liver was barely 
palpable on deep inspiration, but the spleen could be felt for the first time. The 
iqteric index was 15.6 and the blood bilirubin too low to read. The intravenous 
hippuric acid test showed slight impairment of liver function (Table 2). He 
was discharged apparently well on the 5th hospital day and was advised to 
continue to take the high-protein, high-carbohydrate diet previously prescribed. 

Liver Biopsy Studies of Patient No. 16. First Biopsy (33rd day of illness). 
The specimen consisted of a cylindrical piece of liver tissue which measured 
about 1 cm. in length and 0.1 cm. in diameter. No gross changes were noted. 
Microscopic serial sections were made. The general architecture was preserved. 
The cytoplasms of the liver cells had a foamy appearance and showed a moder- 
ate degree of vacuolization. An occasional area of focal necrosis (Fig. 1) was 
noted which consisted of several necrotic liver cells infiltrated by a few poly- 
morphonuclear leukocytes. The largest of these areas measured about 60 
microns through the greatest diameter. Finely granular, yellowish brown pig- 
ment was present within the cytoplasm of the Kupffer cells and of the liver 
cells. The pigment was rather uniformly distributed throughout the liver 
lobules. The periportal connective tissue was somewhat increased in quantity 
(Fig. 2) and was infiltrated with a moderate number of polymorphonuclear 
leukocytes. The bile ducts were not necrotic and contained no inspissated 
bile. Special stains revealed that some of the pigment within the liver cells 
contained iron, and hence was hemosiderin. The majority of the pigment 
granules, however, was neither hemosiderin nor hemofuscin. 
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Second Biopsy (45th day of illness). The specimen consisted of a cylindrical 
piece of liver tissue which measured about 1 cm. in length and about 0.1 cm. 
in diameter. No gross changes were noted. Microscopic serial sections were 
made. The general architecture was preserved. No areas of focal necrosis 
were present but some of the liver cells showed vacuolization of their cyto- 
plasms. The quantity of periportal tissue was increased over that which was 
seen in the first biopsy. It showed finger-like extensions of fibrosis entering 
the liver parenchyma for distances equaling the diameter of 6 to 8 liver cells 
(Fig. 3). A moderate number of polymorphonuclear leukocytes as well as 
lymphocytes infiltrated the connective tissue. The type distribution of pig- 
ment was similar to that seen in the first biopsy. 


Fig. 1. — Photomicrograph of center of liver lobule showing small area of focal necrosis. 
Biopsy 33 days after onset of illness. H. and E stain. (X 276.) 




Fig. 2.— Photomicrograph of portal canal showing inflammatory cell infiltration 
into the supporting connective tissue. Biopsy 33 days after onset of illness. H. and 
E stain. (X 276.) 


_ Third Biopsy (86th day of illness). The specimen consisted of a cylindrical 
piece of tissue which measured about 0.3 cm. in length and 0.1 cm. in diameter. 
No gross changes were noted. Microscopic serial sections were made. The 
general architecture was somewhat distorted because of the periportal fibrosis. 
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Only a few vacuoles were noted in the cytoplasm of the liver cells and no foci of 
necrosis were present. The quantitj' of the periportal connective tissue was 
greater than that noted in the previous Ijiopsy. The connective tissue extended 
further out into the liver parench 3 nna and in some places the connective tissue 
of two portal spaces joined each other (Fig. 4). A moderate number of inflam- 
mator}^ cells, the majority of which Averc Ijnnphocj’tes, Avcre ])resent in the 
periportal connective tissue. A few poijnnorphonu clear leukocytes Avere also 
present. There Avas no change in the type and distribution of the pigment. 



Fig. 3. — PhotomicroRraph of portal canal shoAving fingcr-like extensions of fibrosis 
entering the lii’er parencliyma. Biopsy 45 dny.s after onset of illnc.ss. H. and E. stain. 
(X 144.) 



Fig. 4. — Photomicrograph shoAving the fusion of fibrotic extensions of adjacent portal 
canals. Biopsy 86 days after onset of illness. H. and E stain. (X SG.) 


Fourth Biopsy (191st day of illness). The tissue measured about 1.5 mm. m 
length and 0.5 mm in Avidth. Microscopic serial sections Avere made. Tavo 
portal canals Avere present in this fragment of tissue. The liA'^er cells Avere fairly 
Avell preserved and shoAA^ed only a few very small vacuoles in their cytoplasms. 
The quantity of periportal connective tissue AA'as similar to that AA'hich aa'ss 
obserA^ed in the last biopsy but the collagen content Avas greater. 




— , . ,r-in-i.T.->wTrTTiTri'»^T? - ■■■ 

LA DUE, SCHENKEN, KUKER: PHOSPHORUS POISONING 231 

Comment. The diagnosis of phosphorus poisoning rests upon a 
history of the ingestion of phosphorus, the recovery of phosphorus 
from the vomitus or stools and the presence of toxic sjnnptoms. In 
most instances, the history of ingestion of phosphorus, the character- 
istic odor and phosphorescence of the vomitus or stools, the occurrence 
of severe abdominal pain, emesis, icterus, ecchymosis, coma or convul- 
sions, permit easy diagnosis. In the absence of a history, accurate diag- 
nosis is difficult. 

According to Thayer and Wolf,-® symptoms appear soon after the 
ingestion of the poison in only 10 to 15% of the cases. Hours and even 
days may elapse in the majority of instances before symptoms of 
poisoning occur. Abdominal pain, nausea, emesis, thirst, jaundice, 
diarrhea, ecchymosis, coma, delirium and convulsions are, in the order 
named, the most frequently encountered symptoms. Abdominal 
tenderness, enlargement of the liver and stupor or coma are the usual 
physical findings. Laboratory studies may reveal uremia, anemia and 
evidence of liver damage. 

In our patients, symptoms were noted soon after the ingestion of the 
poison in 4 cases and late in 4 cases. The remaining patients had seen 
a physician soon after taking the poison. Abdominal pain, nausea, 
emesis, weakness, diarrhea and coma were the most frequently noted 
symptoms. Jaundice was seen only twice. Generalized abdominal 
tenderness was noted in 8 cases and enlargement of the liver in 2. 

Six of our patients admitted having taken the poison with suicidal 
intent; 4 took it accidentally. In Europe, many suicides due to the 
ingestion of phosphorus have been reported,® but only 1 of the 
9 fatalities reported in our literature was listed as suicide. 

Ten to 15% of patients taking yellow phosphorus die within 24 hours 
and 85% within 7 days.®® Early death is apparently due to shock 
resulting from the general toxic effect of the poison on body cells. The 
same clinical picture preceding death is often observed in patients who 
take mercury.i® Patients 1 and 2 were admitted to the hospital in a 
state of shock and coma and died 10 and 12 hours respectively after 
taking roach paste. Patient 3, who survived 52 hours after taking 
roach paste presented an identical picture. None of these 3 patients 
showed characteristic postmortem changes. 

Fatal cases that survive more than 3 to 4 days usually show definite 
evidence of liver damage (jaundice, urobilinogenuria, bilirubinuria and 
coma). Fatty metamorphosis of the liver and tubular damage in the 
kidneys are the usual morphologic findings. Patient 4 was jaundiced 
and comatose and at necropsy showed fatty metamorphosis of the liver, 
tubular damage to the kidneys, and evidence of cerebral edema. 

Patient 16 had complete obstruction of the outflow of bile from the 
liver for 4 days, evidenced by the total absence of bile pigments in the 
stool and of urobilinogen in the urine (Table 1) . With the reappearance 
of bile pigments in the stools and urobilinogen in the urine, the liver 
became smaller. This temporary complete obstruction to the outflow 
of bile was probably due to swelling of the liver parenchyma as well as 
the periportal inflammatory reaction. The persistence of the jaundice 
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was probably due to impairment of liver cell function. This patient 
has been folloAved in the clinic for 9' months and feels perfectly well. 
Moreover all the tests of liver function are Avithin normal limits. His 
liver, once palpable 8 cm. below the costal margin, can no longer be felt 
and spider angiomas have not been seen. However, after 9 months his 
spleen has become palpable. 

Twelve of our patients recovered, 6 without any sjTnptoms except 
mild nausea and discomfort. Six complained of nausea, moderately 
severe emesis and abdominal cramps. All vomited spontaneously 
20 to 60 minutes after taking the poison and later had a gastric lavage. 
It is not difficult to know definitely why these ] 2 patients survived and 
the other 4 died, since all 12 of these patients vomited promptly after 
taking the poison or had the poison washed from the stomach within 2 
hours. This appears to us to be the deciding reason for their survival. 
The 4 patients Avho died failed to vomit until 10 hours after the poison 
had been taken. Our histories are not accurate enough to detect any 
differences in the amount of poison taken. 

Treatment demands immediate removal of the poison from the 
stomach, as Avell as measures to prevent absorption of phosphorus. 
Oxidation of the phosphorus with potassium permanganate, hydrogen 
peroxide, oil of turpentine and copper sulfate have been tried but not 
established as effective.^ Atkinson- has shown that the administration 
of mineral oil to dogs a few minutes before or after feeding phosphorus 
Avill save the animals. Phosphorus is soluble in the mineral oil which 
is not absorbed from the gut, so it would seem advisable to leave 100 to 
200 cc. of mineral oil in the stomach after lavage. Potassium perman- 
ganate (1:5000 sol.) can be left in the stomach to convert yellow phos- 
phorus to harmless phosphates. 

Once absorption has taken place, the treatment must be directed as 
far as possible to sparing the organs most severely damaged by phos- 
phorus, that is, the liA^er and kidneys. It has been demonstrated that a 
high-protein, high-carbohydrate and loAV-fat diet will protect animals 
from toxic liver injury. A diet such as that given Case 13 
(450 c., 120 P., 70 F.j should be administered each day, supplemented 
by a high intake of vitamin B complex, with a fluid intake of at least 
3000 cc. 

Patient 16 is of special interest because we were able to follow by 
means of repeated liver biopsies the morphologic changes ensuing over 
a 6| months’ period after the ingestion of phosphorus. Based upon 
the serial biopsies obtained from this patient, the findings in the human 
liver as a result of severe phosphorus poisoning with recovery, con- 
sisted of parenchymatous degeneration and fatty metamorphosis of 
the liver cells in the early stages. This is associated with small areas 
of focal necrosis of the liver cells and an acute inflammation of the 
periportal connective tissue. Within 45 days there was no evidence of 
focal necrosis and there was a decrease in the cytoplasmic degenerative 
changes. Meanwhile, there was an increase in the inflammatory cell 
infiltration and lymphocytes replaced the polymorphonuclear leuko- 
cytes as the predominant cell. 



LA DUE, SCHENKEN, KUKER:. PHOSPHORUS POISONING 233 


A progressive increase in the periportal connective tissue occurred. 
On the 33rd day there was only a slight increase, but on the 86th day 
the connective tissue extensions from two adjacent spaces had joined 
each other and produced a "pig” liver lobule. The quantity of tissue 
obtained at the last liver biopsy, 191 days after the onset of illness, was 
too small to determine whether this periportal fibrosis was still progres- 
sive or whether some regression had occurred. 

The lesions seen in tlie liver biopsy specimens taken from this 
patient closely resemble those produced by feeding phosphorus to 
dogs.^'*^ Cirrhosis appeared in the livers of dogs after a similar interval 
of time. Further biopsy examinations and studies of this patient will 
be made at 6 month intervals. 

Summary. 1. In the United States most of the deaths due to phos- 
phorus poisoning result from the ingestion of roach paste or fireworks. 

2. Patients may die in a shock-like state within 24 hours after the 
ingestion of yellow phosphorus. 

3. Prompt removal of the poison by emesis or lavage is essential to 
the recovery of patients who have taken a fatal dose of phosphorus. 

4. A diet high in protein and carbohydrate and low in fat should be 
given to protect the liver and the daily fluid intake should be main- 
tained between 3000 and 4000 cc. 

5. The anatomic changes in the human liver in acute phosphorus 
poisoning with recovery showed focal necrosis, fatty metamorphosis 
and parenchymatous degeneration with acute inflammation of the 
portal canals in the early phase of illness. The late phase was char- 
acterized by periportal connective tissue proliferation histologically 
compatible with early portal cirrhosis. 
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ACUTE MENINGOCOCCAL ENCEPHALOMYELITIS 
Ba' j\Ia,ior B. Wartman* 

AND 

Major Iraa'in C. ILvnger* 

MEDICAL, COnP.S, A.U.S. 

(From the Laboratory and Medical Services, Fourtli General Hospital, A. P. O. No. 924, 

San Francisco, Calif.) 

It is noAA' recognized that althougli inA'asion of the body by men- 
ingococci usually results in meningitis, this is not ineAutable and other 
organs may be affected either concomitantly or independently. For 
example, purpura and cutaneous eruption are so common that the 
disease has been called spotted fcA'er. The organism most frequently 
associated AATtli the so-called Waterhouse-Friderichsen syndrome, in 
AA’hich there is massiim adrenal hemorrhage, is the meningococcus. 
Acute meningococcal endocarditis has been occasionally observed. 
Chronic meningococcal septicemia is a distinct entity and is not infre- 
quent. Meningococcal encephalomyelitis is one of the less common 
forms of infection; it is given only brief consideration in even the larger 
textbooks, and only feAV cases are recorded in the literature. Careful 
microscopic studies of autopsy material of cases of meningococcal 
meningitis might not improbably disclose involvement of substances 
of brain and cord not suspected upon gross examination. 

The largest series of cases of meningococcal meningoencephalitis so 
far reported is that of Banks and iMcCartney. In a study of 10 cases 
observed in an epidemic of meningococcal meningitis in England 
during the Avinter of 1941-1942, they found seA'eral Avith encephalitis 
and myelitis. Their analysis of the clinical data slioAved that in most 
instances, the inAmlvement of brain and cord can be diagnosed during 
life. 

The folloAA'ing case is reported because (a) there Avas several unusual 
features, and (6) it seems Avell to add to the literature of this disease, so 
that ultimately a complete description of the disorder can be proAuded. 

Case History. A.AV.S., a white male, 27 years old, was admitted to hospital 
on April 27, 1943, complaining of headache, backache and fever Avhich had 
been steadily increasing for ^ hours. Just before admission the patient 
became nauseated and Ammited. The past medical historj’^ and familj' historj’’ 
were negath^e except for one attack of malaria in the autumn of 1942. 

On admission, the temperature Avas 101° F.; pulse, 116; respirations, 15. 
The patient was acuteb’^ ill, vomiting and fcA^erish. The pupils Avere small, 

* On leUA'e of absence from the Institute of Pathology and Department of Medicine, 
AVestern Reserve University and University Hospitals, Cleveland, Ohio. 
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reacted normally to light and in accommodation, the reflexes normal. There 
was questionable stiffness of the neck, which at the time was attributed to the 
severe headache. The naso-pharynx, chest and abdomen revealed no abnormal 
signs. 

A tentative diagnosis of influenza and possible benign tertian malaria was 
made. 

During the first 2 days headache continued but the vomiting stopped. The 
clinical impression was that he was impro\dng. However, in the early hours of 
April 30 he became noisy, irrational, and unmanageable, and was given 10 cc. 
of paraldehyde intravenously. The spinal fluid was grossly purulent and 
contained 54,900 leukocytes (mostly neutrophils). There were a few Gram- 
negative intracellular diplococci -which morphologically resembled meningo- 
cocci. The blood showed 10,550 leukocytes (73% neutrophils; 17% lympho- 
cytes). A diagnosis of meningococcal meningitis was made, and the patient 
was given intravenously 4 gm. of sodium sulfathiazole (the only available 
sulfonamide) in 30 cc. of water. 

Deep coma developed rapidly. The pupils were small, equal, and reacted to 
light. The neck was only slightly stiff; Kernig’s sign slightly positive. In 
contrast, there were marked rigidity and orthotonos of the spine; the umbilical 
and cremasteric reflexes were absent. Knee and ankle jerks were hyperactive 
but equal, and a bilateral Eabinski with fanning was present. No ankle 
clonus Avas elicited. Breathing Avas markedly stertorous, and extreme trismus 
Avas present. Five gm. of sulfanilamide Avere given in 1000 cc. of physiologic 
saline solution. The breathing became Kussmaul in type, and an alarming 
pulmonary edema developed despite a strong, full pulse and a blood prespre of 
140/85. This edema responded temporarily to oxygen, peripheral tourniquets, 
venesection, and atropine. At 1 p.m., a cisternal puncture was done in the 
hope that it Avould help the dyspnea b 3 ’- loAvering intracranial pressure. Al- 
though it Avas not measured, we thought that the cisternal pressure Avas defi- 
nitely increased. Five hours later the patient had improved and was ^ven 
5 gm. sulfanilamide in 1500 cc. of physiologic saline subcutaneously, as Avell as 
100,000 units of antimeningococcal serum intravenously. In the early evening 
he became cyanotic and a progressive, severe pulmonary edema developed 
Avhich failed to respond to any form of therapy, including digitalis intra- 
venously. He died at 2 a.m., Maj' 1, 1943. Cultures of the spinal fluid shoAved 
numerous colonies of meningococci Avhich gave characteristic agglutination 
tests. Cultures of venous blood Avere negative at the end of 2 Aveeks. No 
malaria parasites AA^ere found in 4 thick blood films. 

The clinical diagnoses Avere; (1) acute cerebrospinal meningitis due to 
meningococcus; (2) bronchopneumonia involving the lower lobes of both 
lungs, etiology undetermined. 

Pathologic Examination. (Seven hours after death.) The positive 
findings were confined to the central nervous system and lungs. All other 
organs were those of a healthy young man. Careful search of specially fixed 
and stained tissue sections shoAA'ed no malaria parasites. The pathologic 
diagnoses Avere; . (1) acute, diffuse, meningococcal encephalomyelitis; (2) 
acute, purulent, meningococcal cerebrospinal leptomeningitis; (3) edema of 
brain, marked; (4) confluent bronchopneumonia, all lobes of both lungs, 
etiology undetermined. 

Central Nervous System. The leptomeninges AA^ere thin and tightly stretched, 
and beneath them Avas a delicate film of creamy, yelloAV pus, Avhich occupied 
the SylAuan fissure and the sulci on the lateral and superior aspects of the 
brain. At the base of the brain, however, and in the cisternas there was only a 
small amount of cloudy fluid and no adhesions. The dura mater was hyperemic. 

The brain Aveighed 1550 gm.; the cerebral hemispheres were greatly SAvollen. 
■The convolutions were broad and flat and almost completely obliterated the 
sulci. After fixation in 10% neutral formol-saline for 1 Aveek, multiple coronal 
sections were made of the brain. Numerous clusters of bright red, punctate 
hemorrhages Avere scattered throughout the Avhite matter,- although the. gray 
matter Avas mostly spared (Fig. 1). In some places several small hemorrhages 
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had fused to form larger lesions 5 to 8 mm. in diameter. All the tissues were 
extremely edematous and hyperemic with wet, boggy, pink cut surfaces. There 
was no macroscopic thrombosis of the arteries or veins. The ventricles were 
of normal size and contained thin, cloudy fluid; but there were neither adhe- 
sions nor obstruction of the aqueducts. The choroid plexus was covered with 
fibrinous exudate. 

The leptomeninges of the spinal cord contained an increased amount of 
cloudy, watery fluid, but there were no pockets of pus or adhesions. The 
pachymeninges were hjiDeremic. Throughout the white matter of the entire 
spinal cord were numerous small hemorrhages similar to those in the brain. 



Fio. 1. — Coronal section through the region of the thalamus to show the multiple 
hemorrhages in tlie white matter of the brain. 

Respiratory System. The right lung weighed 900 gm. and the left lung 800 
gm. The entire pleura in both thoracic cavities was covered with a layer of 
yellowish gray, granular, fibrinous exudate. The lungs cut easily and large 
amounts of cloudy, reddish gray fluid, containing almost no air, flowed from 
the cut surfaces. All parts of the lungs tvere extensively consolidated, except 
for a few small foci at the apex and along the lower margin of the upper lobes. 
The tissues were pale reddish gray, finely granular, moderatelj’" friable and 
remarkably uniform, so that the pneumonic lesions appeared to be everjnvhere 
of the same age. Frothy, red fluid filled the bronchi, but the mucosa appeared 
to be hyperemic only. The trachea, larynx and nasopharynx were not affected. 
The pulmonary arteries and veins were normal. The lymph nodes at the hilum 
were moderately enlarged, and the cut surfaces were bulging, moist, and red- 
dish gray. 

Microscopic Examination. Technique. Portions of cortex and white 
matter were taken from the cerebral hemispheres, basal ganglia, pons, medulla 
oblongata, cerebellum and spinal cord, fixed in 10% formol-saline, embedded 
in paraffin, cut at 5 p, and stained vuth hematoxylin and eosin, van Gieson's 
and Verhoeff’s steins, Mallory’s phosphotungstic acid hematoxjdin and Good- 
pasture’s bacterial stain. Frozen sections cut at 20 n were stained for myelin 
(Spielmeyer) and fat (Sudan III). 

Meninges. The cerebral leptomeninges were moderately distended by 
exudate, which extended into the sulci and for a short distance among the 
large blood-vessels. This exudate consisted of fluid, much fibrin, and many 
neutrophils. Lymphocytes, large mononuclears and phagocytes containing 
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dead leukocytes and cellular debris -u'ere present, but there was no organiza- 
tion. The meningeal vessels were strikingly hyperemic, but no thrombi were 
seen. The dura mater was not affected. The spinal leptomeninges were less 
diseased; here the exudate was comprised largely of lymphocytes and large 
mononuclears with only small numbers of neutrophils and little fibrin (Tig. 2). 

Brain. The principal lesions were; (1) acute hemorrhagic foci or purpura 
of the brain and (2) a true acute encephalitis with necrosis. In some regions 
they occurred in pure form ; in others there was a mixture of the 2 types. 



Fig. 2. — Two hemorrhagic lesions in the lateral funiculi of the spinal cord. Note the 
slight inflammation of the meninges. (Hematoxylin and eosin; X 200.) 

Fig. 3. — Perivascular exudation of neutrophils in the cerebral white matter. (H. and 
B.; X 450.) 

Fig. 4. — An area of acute necrotizing inflammation in the white matter of the brain. 
(H. and E.; X 600.) 

Fig. 5. — Area of pallor around a hemorrhagic focus showing displacement of the 
myelinated nerve fibers by red blood cells. There is no primary demyelination. (Spiel- 
meyer’s myelin stain; X 100.) 

The hemorrhagic lesions were small foci of recent bleeding scattered widely 
throughout the white matter of the brain and spinal cord. For the most part 
the foci were poorly defined and bore no apparent relationship to the arteries 
or veins. Instead, they were usually situated at some distance from the 
arteries; they were observed in purest form in the spinal cord (Fig. 2), and in 
the tissue just adjacent to the lateral ventricles. In other places t&y occurred 
either alone or in combination with foci of true encephalitis. The smallest 
hemorrhages, presumably the freshest, consisted of well preserved erythro- 
cytes, but in the larger ones the red blood cells had undergone conglutination, 
lysis and a peculiar coagulation necrosis, so that the individual cells were no 
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longer recognizable. In the relatively few instances where the hemorrhage was 
perivascular, the earliest change was filling of the affected vessel, often a small 
artery or arteriole, by conglutinated red blood cells followed by extravasation 
of erythrocytes into the Virchow-Robin spaces; when these spaces became 
greatly distended, bleeding into the brain substance took place. 

The acute encephaUtis was of 2 tjqres, usually quite distinct, although 
occasionally mixed. These were: (a) perivascular exaidation; and (b) focal 
inflammation and necrosis of the white matter. The perivascular exudation 
was conspicuous, being present around both small and large vessels (Fig. 3). 
The exudate was made up mostly of neutrophils with occasional lymphocytes 
and large mononuclears, some of which were phagocytes, and small amounts 
of fibrin. The striking feature of the perivascular lesion was its tendency to 
remain localized in the space of Virchow-Robin (Fig. 3), which was not only 
true in solitarj' lesions but also in many of the places where there was diffuse 
necrotizing inflammation. In a few places, on the other hand, the inflamma- 
tion around the arteries fused with the surrounding encephalitis, indicating 
spread from the vessels to the adjacent white matter. 

The second manifestation of the encephalitis was -widesjmead and severe 
necrotizing inflammation (Fig. 4). This varied from small foci, in which 
degeneration and early necrosis of the white matter had occurred, to large 
areas of marked brain necrosis and inflammation. Loss of tissue was often 
great with resulting condensation of nuclei and a highly cellular appearance. 
All degrees of nuclear change were observed, including karj’orrhexis, pyknosis 
and dissolution of nuclei. Swelling and chromatolysis were common and when 
the ganglion cells were affected, bizarre multinucleated forms were encoun- 
tered . Ameboid microglial cells and neutrophils were present in large numbers. 

Many of the small arteries, arterioles and capillaries of the brain contained 
thrombi of coagulated protein material and conglutinated red blood cells, 
which often showed a peculiar coagulation necrosis. There was no demon- 
strable injury to the arterial wall, and the exudate was entirely perivascular. 

Sections stained for myelin showed numerous areas of pallor corresponding 
to the areas of hemorrhage and encephalitis. Careful study of these lesions 
and comparison with sections stained by other methods showed that the 
pallor Avas due to displacement of the nerve fibers by extravasated erythrocytes 
and inflammatory cells and not to primarj’^ demyelination (Fig. 5). Individual 
nerve fibers could be traced into the pale areas where they were either broken 
or pushed to one side by the hemorrhage or exudate. It was simply a case of 
nerve tissue being displaced by other cells. 

In the spinal cord the lesions were hemorrhagic. Necrosis and exudation 
were not observed, and there was no primarj' demyelination. 

Distribution of Lesions. Hemorrhagic as well as inflammatory lesions 
were found throughout the white matter of both cerebral hemispheres. Thejj 
were most common in. the posterior frontal, parietal and anterior occipital 
regions. The coi-pus striatum, thalamus and mid-brain were not as markedly 
involved and only occasional lesions Avere found in the medulla oblongata, pons 
and cerebellum. Inflammatory and mixed tjqie lesions predominated in the 
Avhite matter surrounding the thalmus and corpus striatum, AA'hereas hemor- 
rhagic lesions Avere most conspicuous in the frontal and occipital lobes. 

The cerebral cortex Avas largely spared, except for chromatolysis of the 
pyramidal cells and sAvelling of the oligodendrial cells. The microglial cells 
AA'ere mostly normal. 

The choroid plexus Avas the seat of an acute purulent inflammation similar 
to that present in the leptomeninges. 

In the spinal cord, throughout its length, hemorrhagic lesions Avere indis- 
criminately scattered through the three funiculi of the white matter. The 
lateral funiculi Avere particularly affected. 

Respiratory System. There was Avidespread confluent bronchopneumonia, 
which affected nearly all the pulmonary parenchyma. In contrast to the gross 
appearance, Avhich was remarkably uniform, the microscopic picture varied 
considerably. The exudate contained great numbers of neutrophils and small 
numbers of mononuclears. Fibrin was scanty, was seen in only a feAV places 
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and there was no organization. Edema was conspicuous, especially in areas 
where the pneumonia was spreading, hyaline membranes lined many of the 
alveoli. Passive hyperemia was marked. The bronchi and bronchioles were 
plugged with exudate, with inflammation spreading into the surrounding 
tissues. No hyaline membranes were found in the bronchi, and there was only 
an occasional focus of necrosis of the lining epithelium. Bacterial stains 
showed no organisms, but in cultures of the lungs a few colonies of non-hemo- 
lytic Staphylococciis aiiTexis and Sireplococcusfcecalis lactic, grew but no meningo- 
cocci were found. 

Discussion.— The striking clinical observations were: the sudden 
onset of meningitis in a patient thought to be recovering from a mild 
upper respiratory infection; the fulminating course of the disease; the 
rapid development of deep coma and stertorous respiration; the marked 
pulmonary edema which failed to respond to treatment; and the 
absence of signs of pulmonarj'^ consolidation until shortly before death. 
At autopsy, the inflammation of the meninges was much less than had 
been anticipated and was certainly not sufficient to have caused death. 
The noteworthy and unexpected finding was the presence of a wide- 
spread, hemorrhagic and necrotizing encephalomyelitis, limited chiefly 
to the white matter. Confluent bronchopneumonia involved all lobes 
of the lungs and wms of much greater extent than had been supposed 
from clinical signs. There was no disease of the adrenals. 

This case corresponds to those reported by Banks and McCartney, 
who divided their 10 cases of meningococcal encephalitis into 3 groups 
on the basis of clinical and pathologic observations. In the first, 
fulminating encephalitis predominated with signs of purpura, coma, 
cerebral edema, widespread punctate hemorrhages, capillary throm- 
bosis, and no cellular exudates. Meningitis was absent or minimal. 
In the 2nd group, cases of acute encephalomeningitis, patients either 
died within a few days or recovered with transient Parkinsonism. 
Clinically, the picture was of acute meningitis, complicated by enceph- 
alitis (coma, cyanosis, and stertorous, rapid, irregular respiration). 
Pathologically, there was either hj'peremia, hemorrhage, and capillary 
thrombosis; or an acute exudative inflammation. The 3rd group was 
chiefly meningitis with focal encephalomyelitis. Occasional massive 
adrenal hemorrhage was found, but was different from the acute 
meningococcal infection which involves the adrenal but not the cere- 
brum or the meninges. 

On the basis of both clinical and pathologic features, our case falls 
into the 2nd group described by Banks and McCartney. The only 
differences are that myelitis was an important finding, and that there 
was an extensive pneumonia. Banks and McCartney hold that 
meningococcal encephalitis is seen most frequently either at the height 
of an epidemic, when the organisms supposedly are highly virulent and 
the dose massive; or, in non-epidemic times, at the period of greatest 
prevalence of the disease. Yet, the present -case occurred when 
there was no epidemic, and in the early autumn, when meningitis 
was not prevalent. 

It is interesting to note that in most of the reported cases 2 distinct 
lesions have been found in the brain, viz., hemorrhagic and inflam- 
matory. These are seen in pure form as well as in combination. The 
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reasons for this are not known, but it may be that the hemorrhagic 
lesions are the counterpart in the brain and spinal cord of the cutaneous 
rash and purpura, as well as of the adrenal hemorrhage seen in Water- 
house-Friderichsen syndrome. 

Myelin sheath stains showed that, although necrosis and displace- 
ment of brain tissue produced zones of pallor in the myelin prepara- 
tions, true demyelination did not occur. The absence of demyelination 
distinguishes this disease from the cases of acute hemorrhagic leuko- 
encephalitis of Hurst^ and other rare, primary demyelinating diseases. 

The etiology of the pneumonia is not established. It may, of course, 
have been caused by meningococci; but these organisms were not 
cultured from the lungs, and could not be demonstrated in bacterial 
stains of the tissues. Even if meningococci had been isolated, the 
diagnosis would not have been established, for, in the presence of 
meningococcal septicemia, the organisms might be cultured from 
almost any organ. Probably it was a post-infectious pneumonia of 
some sort, similar to the post-influenzal pneumonias. The rapid 
development and spread is most likely explained by the marked pul- 
monarj' edema which provided both a suitable culture medium and an 
excellent vehicle for dissemination. 

Summary.— This is the report of the case of a young soldier who by 
clinical examination and laboratory tests appeared to have acute 
meningococcal cerebrospinal meningitis, with deep coma, difficulty in 
breathing and extreme pulmonary edema. At autopsy, however, he 
was found to have had acute encephalomyelitis, violent and extensive, 
with but comparatively little meningitis. The encephalitis was char- 
acterized by purpura of brain and cord and acute necrotizing exudative 
inflammation, but no demyelination. The case is like those described 
by Banks and McCartney, but differs in that it did not occur during an 
epidemic nor at a time when meningitis was prevalent. 
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A MUMPS EPIDEMIC IN A SMALL TASK FORCE 
By Captain Harry Dersion 

AND 

Major Elton W. Le Hew 

MEDICAI. CORPS^ A.tJ.S. 

This paper presents a study of a mumps epidemic which occurred in 
a small Task Force during 1942-1943. Most of the cases were con- 
tracted enroute to, and after arriving at, a tropica! overseas base. A 
number of cases occurred in the United States while the Force was in 
training, but the hospital records of these cases were not available for 
study. Consideration is given to the effect of variations in housing and 
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environment upon the spread of the disease; eertain clinical manifesta- 
tions of mumps as it occurred in this Unit are also described. 

The elements of this Unit were activated in Louisiana in February, 
1941. The first mumps case appeared there in early autumn, and, 
thenceforth, the hospital was almost never without a case of mumps. 
The spread of the disease was never remarkable, remaining solely in 
one company. This isolation is probably explained by the mild weather 
prevailing in Louisiana and by the fact that troops were housed in tents 
holding only 4 to 6 men. In February, 1942 the battalion was trans- 
ferred to another camp. There, the men lived in two-story barracks 
housing about 65. The number of buildings was inadequate, and 
crowding was the rule. The weather, too, was generally unfavorable 
with a coincidental high rate of respiratory infection. At that time an 
increase in mumps cases was noted; but after consultation with the 
Camp Medical Inspector, it was decided that no especial precautions 
need be taken.^ From April to October, 1942, 22 cases of mumps 
appeared, mostly from the original focus. Company “k,” with 3 cases 
each developing in Company “B” and Company “C,” and 1 in another 
unit of the Force. One case of German measles occurred, but there 
were no subsequent cases. In October the Force was transferred, 
temporarily to a third camp, where, in 3 months, 8 more cases of 
mumps appeared, strangely enough all in Company "D.” Again it is 
pointed out that this was a period of respiratory infection prevalence. 

The final move of the Force was to a Port of Embarkation; and in 2 
weeks there, 10 more cases of mumps developed. Whatever individual- 
ity the components of the Force had prior to this move was now lost. 
All Units dined in a common mess hall and, in addition, attended 
lectures and training films en masse. The mixing of troops was further 
exaggerated during the movement overseas when overcrowding of men 
became an unfortunate necessity. It was not unexpected, therefore, 
that an explosive outburst of new mumps cases occurred widely, and, 
in the following month, a total of 54 cases appeared. Subsequently 28 
were transferred to the station hospital, and these, plus 101 others 
which developed after debarkation, constitute the basis of this report 
proper. 

Incidence, Chart 1 depicts the course of the epidemic and correlates 
the number of cases with environmental conditions. It is evident that 
the greatest ineidence of cases is closely associated with the inclement 
weather and overcrowding. At the overseas base, housing conditions 
were good; there was no crowding; and barracks were constructed 
to permit four-way ventilation. The climate was favorable during the 
early months after arrival, and exceptionally few respiratory complaints 
were noted on sick call. The number of mumps cases reached a peak 
during the first month after arrival and then precipitously died away.* 
In a random sampling, 381 men admitted having mumps previously, 
187 denied having had mumps, and 13 were doubtful. Why these 
susceptible men did not contract the disease is conjectural; but it is 

* Contact -with the local population was not close. To our knowledge, only 1 native 
contracted mumps. 
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known that mumps antibody can be demonstrated by complement- 
fixation tests even without a history of obvious infection." Also, ade- 
quate ventilation of barracks may have played a large part in stopping 
tiie spread of this infection. 

Rato/ 1000/ annum 


WOOtOOiOOlOCnOcnOOt 



In this series of 129 cases (126 males and 3 females), the total number 
of days lost was 2657, which represents a staggering figure, but in keep- 
ing with previous experience with mumps in the Army.®-® TJie average 
hospital days from all causes was 20.2; from mumps and complications 
referable to it, 19.3 days (102 cases); and from mumps uncomplicated 
18.2 days (30 cases).* 

The average age of all patients was 24.8 years. Nine men were 
over 30 years of age. 

Eight cases (6%) claimed definitely to have had mumps before, and 
2 of these initial attacks occurred under our own observation. - One, 

* It must be remembered that these figures do not represent days of actual illness, 
but the time hospitalization was deemed necessary to cover at least the minimum period 
of infcctivity in each case. 
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treated for bilateral mumps without complication in July, 1942, 
developed bilateral mumps again in March, 1943, this time with a 
complicating unilateral orchitis. The 2nd case had bilateral mumps 
on March 20, 1943 and developed left parotitis on May 14, 1943.® 

Clinical Manifestations and Course. Few cases presented prodromata. 
Only 14 of the 129 cases had prodromal complaints, mostly minor and 
lasting from 1 to 3 days. Six had headaches; 4, sore throat; 2, malaise; 
2, abdominal pains; 1, earache; and 1, nasopharyngitis. However, 1 
patient was admitted as a malaria suspect, complaining of headaches, 
fever, chilly sensations, weakness and infrequent cough.* His temper- 
ature was 101.8° F.; the leukocyte count, 10,100 (41% lymphocytes). 
Blood smears for plasmodia were repeatedlj^ negative, and, after 2 days, 
bilateral parotid pain and swelling established the true diagnosis. An- 
other case was admitted with a temperature of 102.8 ° F., chills, weak- 
ness and severe headache. Malaria, typhoid fever, and atypical pneu- 
monia were considered; and, though chest examination and Roentgen 
rays were negative, sulfathiazole was given (indication?). Two days 
later left parotitis became evident. The leukocyte count was 10,000 
with 55 % lymphocytes. 

There ivas little difficulty in diagnosis. The great majority of cases 
reported with established parotid swelling; while others, without this, 
gave a tjqiical story of “my jaw locked” or complained of pain and/or 
tenderness over the angle of the jaw. Four patients were admitted 
with testicular complaints alone, and 3 of these, subsequently, de- 
veloped parotitis. The 4th never presented definite parotid involve- 
ment and is included as a mumps case on the basis of the prevailing 
epidemic, bilateral orchitis, absence of venereal disease or inguinal 
lymphadenopathy, and a leukoc;^'te count of 7300 with a relative 
lymphocytosis of 58%. 

Uncomplicated mumps ran a smooth course. However, 44t (35%) 
of the 126 males in this series developed orchitis 6 days, on an average, 
after the initial complaint. This incidence is higher than the usual 
15 to 30% found in other series.®-® Physical trauma to the testes has 
long been accepted as an exciting cause of mumps orchitis. However, 
strict bed rest alone has been shown not to lower the incidence.^ 
Prophylactic support to the testes was done on a few cases, and the 
impression was that it did not help. This command has consistently 
had a high venereal disease rate, and the point was raised whether or 
not the trauma resulting from a gonorrheal infection might lower local 
tissue resistance and thereby predispose to orchitis. Although a 
previous epididymitis would be a pertinent factor on which to base 
conclusions, it was found too difficult to obtain this information; and, 
instead, a previous history of gonorrhea alone was used. Of the 126 
males in this series, a positive history of gonorrhea was given by 54 
men. The incidence of orchitis in this group was 31%, while the 
incidence in those denying previous gonorrhea was 37 %. Thus, pre- 

* Malarial fever, estivo-autumnal, is hyperendemic at this Post and e.vperience has 
taught us to suspect malaria in all cases until proven otherwise. 

t Includes 1 case of bilateral orchitis without parotitis. 
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vious gonorrhea may be ruled out as a predisposing factor in mumps 
orchitis.* 

Table 1.— Gonorrhea and the Incidence or Mumps Orchitis 

No. developing 
Cnses orchitis 

Previous history of gonorrhea ... 64 17 (31%) 

No previous history of gonorrhea . . 72 27 (37%) 

Orchitis rarely occurs before puberty, which suggests that age may 
play a part in etiology. The mumps cases were divided, therefore, 
into those younger than 25 and those older (the average age in the series 
was 24.8 years). Of the 126 males, 79 were in the younger age group, 
and 32 (41%) of these developed orchitis. Forty-seven men were in 
the older age group, and 12 (26%) developed orchitis. Thus, age does 
not predispose to the development of this complication; and, if any 
conclusion may be drawn, the younger (more active?) adult seems more 
disposed. 

Table 2.— Age and Incidence op Mumps Orchitis 


No. developing 

Age Cnses orchitis 

Under 25 79 32 (41%) 

Over 25 47 12 (20%) 


Of the 44t cases with orchitis, 25 developed in patients presenting 
bilateral mumps and 18 from cases of unilateral mumps. Of the 18 
cases with unilateral parotitis, 4 developed bilateral orchitis. Of 25 
cases. with bilateral parotitis, 9 developed bilateral orchitis. This 
suggests that bilateral parotitis tends to a slightly greater incidence of 
bilateral orchitis. 

Table 3. — Comparison Between Unilateral and Bilateral Parotitis in Relation 
TO Extent of Subsequent Mumps Orchitis 


Unilateral parotitis; 

Unilateral orchitis 14 

Bilateral orchitis 4 (22%) 

Bilateral parotitis; 

Unilateral orchitis . . • IG 

Bilateral orchitis . . . • 9 (36%) 


Six months after recovery, the 44 patients who previously had 
orchitis received a follow-up examination. Testicular atrophy was 
noted in 21 (48%), and varied from slight to moderate in degree. 

Other complications referable to mumps were: 1 meningo-enceph- 
alitis (Case 1) and 1 questionable pancreatitis. 

Intercurrent diseases occurred in 28 patients. It included 8 cases of 
malaria (Case 2), 4 gonorrhea, 3 bronchitis, 3 conjunctivitis, 2 chan- 
croid, 2 nasopharyngitis, 2 tonsillitis, 2 myositis, 1 balanitis, and 1 
appendicitis (Case 3). 

The average highest temperature in this series was 101° F. Two 
cases had temperatures of 105.2° F., both with complicating malarial 
fever. One case each of mumps meningo-encephalitis, bronchitis, and 
gonorrhea developed 104.8° F.; 27 cases developed temperatures of 

* However, all 4 men with intercurrent acute gonorrhea developed orchitis, 
t Includes 1 case of mumps orchitis without parotid involvement. 
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103° F. and higher, with 16 referable solely to mumps; 20 cases had 
temperatures ranging between 100° and 103° F.; 13 cases showed no 
elevation in temperature at any time; the majority of cases had 
temperatures between 98° and 100° F. 

Laboratory Data. The average leukocyte count for all cases was 
6520 per c.mm.; for the cases presenting intercurrent disease, 7500; 
and for mumps and complications referable to it, 6210. The highest 
leukocyte count in this series, 36,000, occurred in the case with inter- 
current appendicitis; however, the next two highest counts, 10,250 and 
10,100, occurred in cases of uncomplicated mumps. The lowest 
leukocyte count was 3600. 

Lymphocytes averaged 36% in all cases and ranged from 15% to 
59%. Only 4 cases showed lymphocytes below 26%, while 5 cases 
were above 50%. 

All urinalyses were negative, except 3. Two showed traces of albumin 
which accompanied temperatures of 103.2° F. and 104° F. and are 
considered as febrile albuminuria; the 3rd showed a trace of albumin 
and a few red cells, but follow-up urinalyses were always negative. 

Treatment. Treatment was symptomatic in all cases with results 
satisfactory throughout the series. Sulfathiazole was given in 8 cases 
for various indications, and there appeared to be no change in the 
usual course of mumps or in the incidence of orchitis. This agrees with 
a conclusion reached in a larger study.® None of the orchitis cases 
was treated surgically. 

Report of Cases. Case 1. Male, aged 25, admitted March 23, 1943 with a 
complaint of pain of 1 day’s duration involving both sides of the face. Past 
history and family history were non-contributory. Physical examination was 
normal except for injection of the oropharjmx and ostium of left Stensen’s 
duct. Both parotid areas were tender, but no swelling was discernible. Blood 
study showed: red blood cells, 5,820,000; hemoglobin, 95%; leukocytes, 4250 
with 47 % lymphocytes. Urinalysis was negative. A diagnosis of mumps was 
made; and, in a few days, pain and tenderness disappeared completely. 

On March 29 the patient complained of severe frontal headache. The 
temperature was 102° F. and pulse rate, 92. Acetyl salicylic acid and an 
ice-bag afforded no relief. The temperature rose to 102.4° F., and later to 
104.8° F. The pulse rate varied from 80 to 120 and at times was dispropor- 
tionately slow in relation to the temperature. Slight nuchal rigidity was found 
which progressed rapidly to complete head retraction and opisthotonos. An 
occasional convulsive spasm shook the patient and once there was a niomentary 
chill. Projectile vomiting occurred twice within a few hours. Restlessness 
and delirium became manifest. Neurologic examination revealed the presence 
of Kernig, Brudzinski and Babinski signs. The superficial reflexes were exag- 
gerated and the deep reflexes diminished. The impression was mumps meningo- 
encephalitis, but serious consideration was given to the possibility of malarial 
fever, cerebral type. Repeated negative blood smears for plasmodia ruled out 
the latter possibility. A spinal tap was done, withdrawing 15 cc. of - clear, 
colorless fluid under some increased pressure. ' The fluid showed no organisms 
or pleocytosis. The Pandy test was negative. A leukocyte count was 5750 
with 34% lymphocytes. The following day, a repeat blood count showed 
3750 leukocytes with 58% lymphocytes. • 

_ The patient’s condition appeared grave, but the spinal tap seemed to relieve 
him. Sulfathiazole was given empirically, 2 gm. initially and 1 gm. every 4 
hours thereafter, in addition to symptomatic treatment.. • Within 2 days, all 
abnormal neurologic findings had disappeared and, except for an infrequent 
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headache and emesis, the patient went on to a complete cure, with discharge to 
duty on April 15. 

Case 2. Male, aged 33, admitted March 21, 1943, complaining of pain in 
the right side of the face of 4 day’s duration and slight local swelling for 1 day. 
Physical examination was negative, e.\cept for slight swelling, and marked 
tenderness of both parotid areas. With symptomatic care, the parotitis sub- 
sided within a few days. There was no fever at any time. 

On March 28 the patient had a temperature of 100° F. and a slight headache. 
The temperature rose to 105° F. on March 29. Malaise and severe frontal and 
occipital headache were present. No relief was obtained from ice-caps or 
repeated doses of acetyl salicylic acid. Beginning mumps meningo-enceph- 
alitis was suspected, but neurologic examination at this time was entirely 
normal. On March 30 slight meningismus and absent cremasteric reflexes 
were noted, and sulfathiazole therap}' was begun empirically. Slight epistaxis 
occurred 4 times within 48 hours and non-projectile vomiting twice. Lumbar 
puncture was done, withdrawing 25 cc. of clear, colorless fluid under an initial 
pressure of 18 mm. of mercur 3 ^ No bacteria, pleocytosis, or increased albumin 
were found. A blood count shorved: erj'throcytes, ^140,000; leukocytes, 
6200; neutrophils, 72; eosinophils, 2; basophils, 1; and lymphocytes, 25. A 
thick-film blood smear revealed P.falciparwn, 125 rings per 100 white cells. 

Antimalarial treatment was started immediately and sulfathiazole was dis- 
continued. The following daj% the patient felt better but continued to suffer 
an occasional headache for 4 daj’S. The temperature returned to normal on 
the 5th day, and the patient was discharged from the hospital on April 20, as 
cured. 

Case 3. Male, aged 23, admitted March 19, 1943, with a complaint of 
pain, tenderness, and swelling of the right parotid area. Examination was 
negative, except for the local findings. By March 23, all complaints had 
cleared. 

On March 25 the patient developed abdominal pain, so severe as to demand 
morphine. Diarrhea was also present and emesis occurred later. The pain 
began in the right testicle and radiated toward the umbilicus. The testicle was 
not enlarged but was slightly tender. Abdominal tenderness was most marked 
in the right suprapubic region. There was no rigidity or rebound tenderness. 
Attempts to extend the right leg increased the pain. Temperature and pulse 
rate were normal and a blood count showed: 16,300 leukocytes; neutrophils, 
83%; lymphocytes, 17%. A later blood count showed: 20,100 leukocytes; 
polymorphonuclears, 85%. Urinalysis was negative throughout. 

The next morning, temperature and pulse rate were still normal, and a blood 
count showed: 22,300 leukocytes; neutrophils, 87%. Pain and tenderness 
•were now most marked along the course of the right spermatic cord and 
lateral to the usual site of the appendix. The pain was more intense than usual 
in appendicitis. Because of these findings and the recent mumps, a diagnosis 
of early orchitis with reflex pain along the spermatic cord was considered most 
likely. However, serious consideration was given to a diagnosis of acute 
appendicular obstruction, and close observation was continued. That after- 
noon, the temperature rose to 101.4° F. An erj-^throcyte sedimentation rate 
(Wintrobe) was 24 mm. in an hour, and another blood count showed: 36,000 
leukocytes; and, polymorphonuclears, 82%. The pain had eased slightly and 
was now localized in the right lower quadrant. Nausea was present. Examina- 
tion now showed right rectus spasm, tenderness, and rebound tenderness in the 
right lower quadrant, maximum over McBurney’s point. In view of this new 
picture, immediate operation was advised. 

_ Acute, suppurative appendicitis was revealed on operation. A fecalith, the 
size of a date seed, was found impacted at the base of the appendix arid the 
entire organ was inflamed, swollen, and tense, with rupture imminent. The 
tip was adherent to the lateral wall, which accounted for the atypical location 
of the. earlj’- findings. Appendectomy ■n^as performed, and, after an uneventful 
■ convalescence, the patient was discharged to duty on April 21. 
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Summary and Conclusions. 1. A history of a mumps epidemic in a 
small Task Force is described. 

2. The total days lost by hospitalization in the series of 129 cases 
was 2657. This is a large figure, but is in keeping with previous 
experience with mumps in the Army. 

3. A correlation is evident between inclement weather and crowded 
living conditions and the incidence of mumps. 

4. Few cases presented prodromata, and diagnosis was obvious in 
the great majority. 

5. Orchitis developed in 35% of this series. Neither age nor a 
history of previous gonorrhea appeared to play a part in tlie incidence 
of this complication. One case of mumps meningo-encephalitis and 
one of mumps orchitis without parotitis occurred. 

6. Leukopenia, with a relative lymphocytosis, was present in most 
cases. Urinalysis was uniformly negative. 

7. Treatment was symptomatic with satisfactory results. In 8 
cases, sulfathiazole was given and seemed not to affect the course of 
the mumps. 

8. Of 129 cases, 3 are reported in some detail. 
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Since penicillin is a powerful chemotherapeutic agent which has a specific 
effect on the organisms responsible for the majority of infectious lesions 
commonly classified among surgical diseases, it is becoming apparent that 
the treatment of many of these diseases may require radical revision. 
However, there are certain pathogenic bacteria against which penicillin,, 
in concentrations obtainable in vivo, is not effective, including the gram- 
negative bacilli, some of the non-hemolytic streptococci and occasional 
strains of staphylococci. Thus certain limitations of the drug are already 
clearly defined. Adequate supportive therapy remains an essential feature 
in the management of surgical infections and should include operative 
intervention when indicated.® 

There have appeared in recent months many reports on the use of 
penicillin in a variety of infections, although few of them have included 
enough cases to allow statistically significant deductions to be made. 
Generally, cases have been classified in terms of their etiologic organisms, 
for the decision as to whether or not a patient should receive penicillin 
has depended upon the causative organism and its susceptibility to the 
drug. Early workers with penicillin showed that the drug is a potent 
chemotherapeutic agent capable of inhibiting most gram-positive organ- 
isms and gram-negative diplococci.®-''’i2 They further demonstrated the 
lack of effect upon gram-negative bacilli. Abraham and Chain, ^ working 
with Escherichia coli, found that these and other gram-negative bacilli 
produce a substance which rapidly destroys the bacteriostatic activity of 
penicillin. They called this substance penicillinase. 

^ Dosage and Administration. Many points of controversy have arisen 
since penicillin has been available but, because of the limited supply, 

* Now on Active Service in the Armed Forces. 



considerably more experience is necessary before they can be conclusively 
settled. Paramount among these is the question of dosage, which has 
been heavily influenced by the inadequacies of supply. Because of this, 
minimal, rather than optimal, amounts have been recommended. 

The daily dosage recommended by investigators varies from 40,000 to 
400,000 Orford units.® The fact that penicillin is a relatively non- 
toxic drug’’-®^ will probably result in the use of larger doses as supplies 
increase. 

Severe staphylococcal sepsis requires the largest doses among the 
surgical infections.®-^® The majority of investigators recommend a total 
24-hour dose of approximately 100,000 units however, Lyons®® and 
Bloomfield et al.^ suggest the use of considerably larger amounts, 200,000 
to 400,000 units for the initial therapy. The average range of recom- 
mended dosage for other surgical infections varies from 40,000 to 150,000 
units per day, although Lyons®® e.xpresses the view that the treatment 
of clostridial infections may require a dosage exceeding 400,000 units per 
day. Mixed bacterial infections which frequently contain saprophytic 
gram-negative bacilli do not appear to respond as promptly or as uniformly 
as infections yielding pme cultures.^’^ Larger dosage may be required to 
bring these lesions under control. 

Since it is possible to demonstrate in viiro that organisms growing in low 
concentrations of penicillin may develop fastness, it appears that adequate 
initial therapy to obtain a rapid response is indicated.® 

The clinicians working with penicillin agree that the administration of 
continuous intravenous infusions of the drug is indicated in all severe 
infections in which the mortality is high. Herrell®®-®'^ has demonstrated 
that a low dosage is more efficient if given by continuous infusion, and has 
utilized this route of administration throughout the course of treatment 
in many of his cases. Others feel that the intramuscular route of adminis- 
tration is preferable after the patient has made a satisfactory response to 
the initial intravenous therapy.®-®^-®®-®® Besides the technical difficulty 
encountered in maintaining any continuous infusion into a vein, there is 
the troublesome featme of venous thrombosis at the site of injection which 
not only complicates administration, but may be quite painful. Herrell’s®® 
experience with venous irritation from glucose solution seems justified; 
however, it is impractical to use isotonic saline solution exclusively for fear 
of producing disturbances in electrolyte balance. Alternating diluents of 
normal saline and 5 per cent glucose in distilled water have been used 
most successfully. The size of the needle, its insertion into the vein, and 
the length of time a vein is used are all important features of technique. 
It has been recommended that 18-gauge needles inserted up to the hub in 
a fresh vein each day be used. Mter determining the amount of intra- 
venous fluid a patient can tolerate, the daily dosage should be dissolved 
in this amount of fluid so that the rate of administration is constant. 

For all patients who need systemic therapy and who do not require 
intravefaous treatment, the use of intramuscular injections every 2 to 
4 hours is commonly used. The more frequent injections may be prefer- 
able.^® It is -wise to use the larger muscle masses, rotating injections from 
one part to another to assure complete absorption and to avoid repeated 
local trauma.®® 

If intravenous therapy is indicated, and if for any reason veins are 
not available for venepuncture or cannulization, bone marrow infusions 
may be used according to the technique of Tocantins.^® 

The use of local therapy will be included under individual headings. 
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Lt. G. F. SclimidF^ adequately reviewed the literature on the pharma- 
cologic properties of penicillin and the types of toxic reactions in the May, 
1944, issue of this journal. 

Acute Infections. BACTEnEMiA. Stajihylococcal. Penicillin is the 
most effective agent available for the treatment of staphylococcemia. 
The mortality from this disease prior to the use of sulfonamides was about 
85%. With sulfonamide therapy the mortality was reduced to about 
70%. In the report of Keefer ct alP in August, 1943, the mortality in 
91 cases treated with penicillin was 37 %, but this series included patients 
who were inadequately treated during the early trials of this new drug 
and 9 cases of acute staphjdococcal endocarditis in which the mortality 
continues to be high. Lyons*® later reported 9 cases with 3 deaths. 
More recently, Dawson and Hobby” published a series of IS cases with a 
mortality of 16.7%, and Herrell-* reported 14 cases with onlj"^ 2 deaths 
(14.3%). These latter figures should give a more adequate answer 
regarding future mortality in staphylococcemia with the use of penicillin. 

Any patient with staphylococcal bacteriemia should receive adequate 
penicillin therapy at the earliest possible moment and preferably b}' con- 
tinuous intravenous infusion.®-”-**’-®--® It is important to determine 
promptly the source of the infection, and either excise or drain it surgically 
or institute other forms of adequate local therap 3 ' as indicated.^ 

The rapid subsidence of the sevei-e staphjdococcal toxemia after 8 to 
72 hours of treatment is one of the most dramatic responses to penicillin 
therapj'.*® Objectiveljq patients appear much better even though their 
temperature and white blood cell count remain elevated. The Floreys*® 
have emphasized the importance of following the patient and not the 
chart. In these and other acute infections, the red blood cell count may 
be suppressed by the action of toxins on the bone marrow, but with inhibi- 
tion of the parasitic organisms and the subsequent elimination of toxicity, 
the bone marrow will often respond to demands. Florej' and Florej"^ 
reported several cases in which there was a rapid rise in the hemoglobin 
following the institution of penicillin therapj'.*® This, of course, does not 
exclude the use of blood transfus'ons when indicated. 

Ac 2 ite Hematogenous Osteomyelitis. Acute osteomyelitis is commonly 
associated with bacteremia, even though positive blood cultures maj' 
not always be obtained. The mortality in acute staphjdococcic osteo- 
myelitis is considerably lower than that in staphjdocoecic bacteremia 
resulting from soft tissue foei. With the use of sulfonamides, the reported 
mortality of this disease has fallen to levels ranging from 0 to 10 %. Hojd, 
Davis and Van Buren-- reported 8 cases treated with sulfathiazole with 
no deaths. More recently. Baker, Schaubel and Kuhn"* reported 56 cases 
treated with sulfonamides with only 1 death. Results of treatment -ndth 
penicillin have not been universally successful, but this is at least partiallj* 
explained by the fact that initiation of this form of therapj" has been only 
after adequate sulfonamide trial and failure. Due to the greater potency 
of penicillin the response should be more rapid than with sulfonainides.* 

Since the advent of sulfonamides, the practice of early surgical drainage 
in acute osteomyelitic lesions has been subjected to question. Hoj't, 
Davis and Van Buren^^ first demonstrated the value of aspiration or non- 
surgical drainage when the sulfonamides were employed. Recentlj' 
Baker, Schaubel and Kuhn^ ran a comparative series of sulfonamide 
treated cases with surgical drainage and needle aspiration which showed 
that fewer draining sinuses remained when non-surgieal methods were 
emploj'ed. This should also be true with the use of penicillin, which 



offers the additional feature of local treatment into the abscess cavity 
after aspiration.^” 

Beta Hemolytic Streptococcic Bacteremia. With the use of sulfonamide 
therapy this ,^sease develops less frequently and results in a lower mor- 
tality than staphylococcemia. However, the response to treatment may 
be more prompt with the use of penicillin since comparative in vitro stud- 
ies show it to be more potent than the sulfonamides.^” Streptococci are 
more sensitive to the effect of penicillin than staphylococci which permits 
adequate clinical response with somewhat lower doses.”” Intravenous 
therapy is indicated in all types of bacteremias. 

SuppuEATivE Infections of Natural Body Cavities.^ Empyema. 
Sulfonamides have lowered the incidence of empyema following pneumo- 
coccal pneumonia, but are inadequate in the treatment of pneumococcic 
empyema since the presence of large numbers of bacteria of pus and tissue 
autolysates definitely reduce the effectiveness of these drugs.”’ Penicillin, 
on the other hand, is not inhibited by these substances’® and is the drug 
of choice in the treatment of pneumococcic, staphylococcic, streptococcic 
and mixed types of empyemata which do not include a predominance of 
gram-negative bacilli. After the aspiration of pus, local penicillin instilled 
into the abscess space may be adequate to control completely the infection 
without the necessity of systemic therapy if the infection is well localized. 
By these means it is usually possible to avoid surgical drainage. The 
daily instillation of 25,000 to 50,000 units of penicillin is recommended.”®-”” 
Tillett, Cambier and McCormack”® have reported success in 1 case of 
pneumococcic empyema following a single instillation; however, 5 to 
10 days of treatment is usually required. The pus is frequently sterile 
after the first or second administration of the drug and subsequently 
becomes thinner and decreases in amount. The accumulation of thick 
fibrinous material may necessitate thoracotomy.”® The response to treat- 
ment of empyemas with mixed flora has been considerably slower than in 
those cases which yield a pure culture. Penicillin should not be used as 
an irrigating solution in empyema since 6 to 8 hours’ contact is required 
to obtain bacterial stasis.”® If irrigation is to be performed, it is best done 
with normal saline. With open surgical drainage of an empyema cavity 
the usefulness of penicillin sharply decreases since it tends to leak through 
the wound. If possible, it is wise to avoid surgical drainage. 

Suppurative Arthritis. Acute staphylococcic, streptococcic, gonococcic, 
pneumococcic and meningococcic suppurative arthritis should be treated 
in the same manner as empyema. Systemic therapy is not required unless 
there are other active foci. The dose required is small, 5000 units instilled 
after aspiration being adequate.”® 

Meningitis. Secondary suppurative meningitis caused by pneumococci, 
staphylococci and streptococci should receive penicillin systemically and 
locally instilled into the spinal fluid.”® Rammelkamp and Keefer”® demon- 
strated the failure of penicillin to appear in the spinal fluid following 
systemic administration. This work has been further established by 
Pilcher and Meacham.”” These infections should be considered surgical, 
as they are most frequently secondary to suppurative lesions located in the 
mastoids or paranasal sinuses. Every attempt should be made to drain 
these cavities of purulent material, after which penicillin solution con- 
taining 250 to 500 units per cc. may be instilled into the cavity at frequent 
intervals.’® The importance of the use of intracisternal or intraspinal 
therapy in combination with systemic treatment is clearly apparent.”” 
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Suppurative Pericarditis. Acute suppurative pericarditis produced by 
pyogenic cocci should receive systemic penicillin therapy. Surgery .may 
be avoided in some cases by frequent aspiration of pus from the pericardial 
sac followed by the instillation of 5000 to 20,000 units of penicillin, depend- 
ing upon the amount of pus removed, and the size of the cardiac shadow 
on Roentgen ray. 

Peritonitis. In peritonitis, penicillin is not usually indicated since 
penicillinase-producing coliform organisms are generally present.^*' In 
cases in which pyogenic organisms occur without gram-negative bacilli, 
penicillin may be useful and should be administered both systemieally 
and locally as indicated. 

Abscesses. Carbuncles and Furuncles. These staphylococcal infections 
may be aborted in the early stages of development with systemieally 
administered penicillin.^^ But once necrosis has taken place, pus and 
necrotic tissue should be evacuated by either surgical drainage or aspira- 
tion. If aspiration is employed, locallj'^ injected penicillin is recom- 
mended.-® 

Visceral Abscesses. These lesions, whether located in* the brain, the 
lung, the mediastinum or other structures, should receive systemic treat- 
ment. Liver abscesses usuallj'^ do not respond to penicillin, since these 
lesions usually contain coliform organisms. Penicillin is concentrated in 
the bile,®® which should make it of use in pyogenic biliary tract infections 
which do not contain penicillinase-producing organisms. 

Localized Wound Infection. Cellulitis, Lymphangitis and Lymph- 
adenitis. These infections will usually^ respond to systemic penicillin 
therapy. If there is extensive cellulitis and lymphadenitis which results 
in localized necrosis, surgical or non-surgical drainage is recommended. 

Cellulitis of the Face. Septic cavernous sinus thrombosis, periorbital 
and retro-orbital cellulitis, cellulitis of the nose and cellulitis of the lip 
usually respond dramatically to penicillin. In septic cavernous sinus 
thrombosis mortality was almost 100% before the use of sulfonamides 
with only an occasional recovery.'^^ The sulfonamides have reduced the 
mortality to some degree, but penicillin should be even more effective. 
These patients should have systemic therapy administered intravenously.®® 
The use of anticoagulants such as dicoumarin and heparin is recommended 
as a supportive measure.^® 

Burns. The importance of burns and their care has been accentuated 
by the frequency of these wounds in modern warfare. It is most impor- 
tant to prevent pyogenic infection in the superficial burns, for they may 
be converted into deeper wounds resulting from loss of epithelial structures. 
Gentle cleansing and application of pressure dressings have been estab- 
lished as the local treatment of choice.® Locally supplied sulfonamides 
in ointments to burn surfaces have left much to be desired.®® Clark 
et al.^ reported in The Lancet, 1943, 54 burns and scalds in varying stages 
of healing which had hemolytic streptococci on their surfaces. These 
organisms had been particularly troublesome in their burn ward. In 
41 cases (76%) streptococci disappeared within 5 days with the use of 
penicillin in a Lannette Wax cream base applied to the surface. All cases 
showed some improvement. Staphylococci, likewise, disappeared quickly. 
No toxic effects were noted. E. coli, B. proteus and B. pyocyancus were 
not affected. Keefer et al?^ recommended the use of locally applied 
penicillin to prepare granulation surfaces for grafting. Bodenham® re- 
ported that streptococci are present in 30 to 80% of the cases he had seen. 
Staphylococcus aureus was present in 100 %. He used penicillin in a Lan- 
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nette Wax cream base as an ointment and in combination with sulfanila- 
mide as a powder. By the use of the cream preparation it was possible 
to eliminate streptococci and staphylococci from all surface wounds and 
hasten the time of grafting. The Lannette Wax cream proved more 
effective than the powder, which occasionally gave pain. ■ It is usually 
unneeessary to administer sj^stemic penicillin for locally infected burns 
unless there is evidence of uncontrolled spread of infection, metastatic 
infection or bacteremia. 

Wounds. Penicillin has been tried in war wounds of all types. Most 
of the literature now available is concerned with local therapy; but a 
recent report by Florey and Cairns^* emphasizes the advantage of com- 
bined systemic and local therapy in severe wound infections, for, in any 
spreading cellulitis or invasive infection, the presence of a bacterial 
inhibitory substance in the blood stream is of greater value than is an 
agent applied topically to a wound containing varying amounts of slough. 
This was adequately demonstrated by Lyons^® working at the Halloran 
General Hospital with infected war wounds. As in burns, the drug may 
be applied in an ointment, as wet dressings or in a powder. Pulvertaft^ 
reports good results with the use of local penicillin in wounds. He feels 
that it is most important to explore and to drain any deep pockets of pus. 
He used penicillin in a powder, a spray and wet dressings, fie too supports 
the view of Bodenham® that, while the gram-positive organisms disappear 
rapidly, the gram-negative organisms may appear in even greater numbers. 
Jeffrey^^ corroborates the statements of Pulvertaft, and feels it is essential 
to maintain drainage. He did not think that the presence of gram-nega- 
tive organisms significant!}'- delayed healing. 

In their report of their experience in North Africa, Florey and Cairns*^ 
state that ointments and powders Avere not as successful as instilled solu- 
tions or wet dressings. Chronic sepsis of compound fractures responded 
to systemic therapy if loculated abscesses were not present. One hundred 
and seventy-one dirty wounds were treated locally -with solutions of peni- 
cillin. Of them, 53 were sutured around rubber tubes, permitting local 
use of a solution containing 250 units of penicillin per cc. Complete 
healing occurred in 104 of the 171 cases, whereas 60 healed in part by 
granulation tissue, and 7 failed to heal. Healing took place even though 
the wounds contained B. pyocyaneus. The hospital stay was shortened 
by 3 to G weeks. In the prophylaxis and treatment of infection in com- 
pound fractures of long bones, those of the femur gave the poorest results. 
They felt that systemic treatment was inadequate in dosage and duration. 

Brain wounds 3 days old or older were excised and sutured. A fine 
rubber tube Avas led through a stab hole into the cavity which was irri- 
gated for 4 to 5 days Avith a solution containing 250 units per cc. The 
average amount used in each case was 15,000 units. Of 23 cases treated, 

3 patients died. Wound healing was by first intention in 6 cases, Avhile 
in 13 there was slight gaping of the wounds. Temporary sinus formation 
AA'as common. Small osteomyelitic foci tended to prolong drainage of 
the wound. Thus it appears that in cases Avhere the drug can be brought 
into adequate contact Avith the causative organism, whether saproph}i;ic 
or tissue invaders, the results are beneficial. 

Mary Florey and Williams^ recently reported in The Lancet a compara- • 
tiye study of 212 hand infections. About half of these were treated 
Avith local penicillin, and others treated by other means. Both groups 
received adequate surgical care. Penicillin-treated cases seemed to show 
an earlier regression of infection than the non-treated cases. Pus Avas 
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scanty or absent in the treated cases. Tissue destruction was stopped, 
pain relieved, and the number of dressings required ivere reduced in the 
treated cases. In comparison with the infections treated by the other 
means, the healing time of those treated with penicillin was considerably 
shorter. Bone lesions responded equally as well and healed with regenera- 
tion of bone. It was possible to start active motion of the penicillin-treated 
hands much earlier. Locally applied powdered calcium salt was some- 
what painful. It was estimated that in 35 of the penicillin treated cases, 
a total saving of 1000 man days was accomplished as compared to a similar 
number of control cases. 

Clostridial Infections. There is considerable controversy about the 
value of penicillin in the treatment of clostridial infections. It was recog- 
nized bj"^ the early investigators that penicillin in vitro was capable of 
inhibiting these organisms.-'^ Since these infections are so A'aried, it will 
be difficult to evaluate the place of any agent in a short period of time. 
This type of infection is frequently suspected and diagnosed, but errors 
in diagnosis are often made. The striking difference in morbidity and 
mortality beriveen clostridial cellulitis and clostridial myositis was recently 
pointed out by MacLennan.^® In experimental work with Clostridium 
wclchii infections, penicillin is superior to the sulfonamides, as shomi by 
Hac and Hubert.^® McKee, Hamre and Rake’’'* demonstrated that tjno- 
thricin was more effective than penicillin when applied locally to these 
organisms. It was the opinion of Lyons-® that proteolytic clostridia 
recovered from war wounds required 4 to 5 times as much penicillin as 
do staphylococcal wound infections. The presence of these organisms 
indicates devitalized tissue or necrotic bone fragments.®® Lyons highly 
recommends concentrated local therapy in conjunction with systemic 
treatment. Florey and Cairns’^ treated 7 cases of gas gangrene, 3 of 
whom died. Jeffrey®^ was -disappointed in the use of penicillin locally 
in gas gangrene. Cutler"* reported on 4 patients with major compound 
fractures who were treated ivith penicillin systemically and who developed 
gas gangrene which necessitated amputation. Recently Harvey and 
Meleney’® reported the treatment of 2 cases with penicillin, 1 infected with 
Clostiidium sordcllii, another with Cl. wclchii, both of whom died. All of 
these investigators emphasize the necessity of giving sufficient specific 
antitoxin to patients with these infections, for penicillin will in no way 
alter the free circulating toxin. At best, it would only inhibit the organ- 
isms elaborating these substances. The treatment of anaerobic strepto- 
coccal infections has not been adequately investigated up to this time. 

Chronic Infections. Penicillin should have great usefulness in the field 
of chronic surgical infections which include such diseases as bronchiectasis, 
multiple and single lung abscesses, chronic osteomyelitis and probably 
actinomycosis. 

The treatment of chronic osteomyelitis with penicillin requires surgical 
removal of infected granulation and fibrous tissue, bone and sequestra in 
conjunction vdth systemic penicillin treatment, if improvement is to be 
more than temporary.® 

Some strains of Actinomycosis hovis are inhibited in vitro by penicillin. 
Actinomycotic lesions may be arrested or completely cured with the use 
• of penicillin in conjunction with surgical excision. The results are encour- 
aging in the cases treated, but considerable time must pass before they can 
be classified as cured. 

The use of penicillin in ulcerative colitis is of doubtful value, though 
a few patients have shown temporary improvement.®®-" 



Oi I'HALMOLOGY 


255 


Prophylaxis. Penicillin may be useful in preventing postoperative 
infections. It may be useful in the prevention of infection in traumatic 
wounds, but adequate studies are not available at the present time. 
Florey and Cairns^'* state: “There is little doubt that the prevention of 
infection with pyogenic cocci or its control in war wounds is within reach.” 
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TOXOPLASMIC CHORIORETINITIS 

By H. P. Wagener, M.D. 

The rather recent discovery that the Toxoplasma, a genus of highly 
organized protozoan parasite, can invade the tissues of the eye and cause 
destructive lesions of the choroid and retina has introduced further com- 
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plexity into the etiologic study of chorioretinal disease. To most, if not 
to all, ophthalmologists the determination of the causative factor in any 
individual case of acute, subacute or inactive choroiditis has always been 
a difficult problem. To the earlier and more commonly recognized 
sources of ocular infection, sj'philis, tuberculosis, the acute infectious 
diseases and blood stream infections, there have been added in the course 
of the years focal infections, sarcoidosis and brucellosis. And yet the true 
etiology of many cases remains obscure. In most instances in which the 
lesions were discovered during infancy and in many of those seen in early 
childhood, especially when the lesion was seen in the inactive stage, the 
rather vague diagnosis of congenital maldevelopment or intra-uterine 
inflammatory process has been made. The demonstration that certain 
of these lesions in infants are due to Toxoplasma infection, which, as 
Pinkerton and Henderson'^ suggest, must occur prenatally as the result 
of latent or subclinical infection in the mothers, makes it imperative 
that all of these infants be studied more carefully from the standpoint 
of the associated presence of intracerebral calcification and the possible 
presence in the blood of Toxoplasma antibodies. The implied fact that 
adult infection by Toxoplasma must occur suggests also the necessity of 
including tests for toxoplasmosis in the routine study of cases of chorio- 
retinitis of obscure etiology. 

According to Wolf and Cowen,^“’-‘ Levaditi® and his co-workers in 1928 
were able to produce a severe inflammatory reaction in the eyes of rabbits 
by direct inoculation of emulsions of brain tissue infected with Toxoplasma. 
“ There was intense iridocyclitis, destruction of the cornea, accumulation 
of exudate containing parasitized macrophages in the anterior and poste- 
rior chambers and perivascular infiltration about the papilla. Encysted 
Toxoplasma were found in retinal neurones. In some instances the central 
nervous system became secondarily infected, possibly by extension along 
the optic nerves.” In a few rabbits extension of the infection along the 
optic nerves was observed after cerebral inoculation. No definite state- 
ment was made as to the involvement of the eye by this mode of extension. 

According to Koch and his co-authors,® Hepding^ in 1938 reported the 
occurrence in a cock of spontaneous toxoplasmic chorioretinitis resembling 
that later observed in man. Along with mild upper respiratory sj'mptoms, 
chemosis of the left conjunctiva and cloudiness of the cornea developed. 
Histologically, the eye showed a widespread necrosis of the retina around 
the optic nerve "with smaller foci of necrosis in the middle third of the 
retina. The peripheral part of the retina was infiltrated by large mono- 
nuclear cells. There were some swollen, large mononuclear cells and fibrin 
in the posterior part of the vitreous. The uveal tract was infiltrated by 
lymphocytes and plasma cells. The optic papilla was intensely infiltrated 
by round cells and fibroblasts. Single Toxoplasma and cystic forms were 
present in the lesions. 

Probably the first case to be recorded in which Toxoplasma were demon- 
strated in the tissues of the human eye was that reported by Janku® in 
1923. A boy, 11 months old, was observed to have a small left eye when 
3 days old. At about 3 months of age he was thought to be blind. He 
developed hydrocephalus and later convulsive seizures. In the macular 
region of each eye was an area of retinal and choroidal atrophy with 
marginal pigmentation. There was apparently secondary optic atrophy 
and some question of elevation or detachment of the nasal peripheral 
retina in the left, partially microphthahnic eye. The child died, prohahly 
at the age of 16 months. Quoting from Wolf and Cowen’s summary: 
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“ At autopsy an enormous internal hydrocephalus due to blocking of the 
aqueduct of Sylvius was present .... The eyes showed chronic inflam- 
matory and productive changes in the choroid and retina in the macular 
region producing the ophthalmoscopic picture of a coloboma. Sporo- 
cysts, which the author considered to be sporozoa, were found in the retinal 
lesion in the right eye. Huge vacuolated mononuclear cells in one part 
of the lesion in the left eye were thought to be of parasitic nature and 
related to the sporocysts in the other eye. This protozoan infection was 
considered to have been transmitted via the placenta into the arterial 
system of the choroid causing a clrronic inflammatory process in the latter 
with secondary changes in the retina. A hyperplastic tumor-like forma- 
tion of the left eye was felt to be due probably to the influence of the 
infection on the course of embryonic development.” The parasite in this 
case, though probably Toxoplasma, was not so identified by the author. 

A case, which was regarded by the authors as essentially identical with 
that of Janku and in which parasite^ were found which were later identi- 
fied as Toxoplasma, was reported in 1937 by Wolf and Cowen^® under the 
title, “Granulomatous encephalomyelitis due to an encephalitozoan.” A 
child, aged 24 days, had coh^’ulsive seizures and what appeared to be 
active areas of chorioretinitis in each eye, and a healed area of chorio- 
retinitis in the right eye. The maculas were not involved apparently. 
The child died at 30 days of age. Histologically, the pathologic picture 
in the central nervous system “ consisted of a widely disseminated enceph- 
alomyelitis in which the severest lesions were associated with necrosis and 
caseation primarily in the periventricular gray and white matter, and to 
a lesser degree in the cortex of the cerebrum. Miliary granulomas scat- 
tered throughout the central nervous system were a striking feature of the 

process A localized chorioretinitis was present in each eye, and here 

as in the brain, necrosis and caseation occurred in the affected areas.” 
Judging from the detailed description of the histologic findings it would 
appear that the lesions, especially the evidences of edema and necrosis, 
were more marked in the retina than in the choroid and were especially 
severe in the inner layers of the retina. The parasites also were found 
in greater numbers in the retina than in the choroid. 

In brief, histologically, foci showed centrally total necrosis of almost 
all the retinal elements, with marked swelling of the retina in places. 
Only celliilar debris and scattered plasma cells and lymphocytes remained. 
The retinal pigment epithelium was disrupted ndth a dispersion of the 
pigment into the surrounding tissues. In the retina about the necrotic 
zones, the nerve fiber, ganglion cell and internal molecular layers were 
edematous and infiltrated by plasma cells, lymphocytes, occasional eosino- 
phils and lipoid laden phagocytes. The ganglion cells were missing or 
degenerating. The deeper retinal layers showed edema with some infil- 
tration by lymphocytes, neutrophils and monocytes. Some cellular exu- 
date was present on the surface of the internal limiting membrane of the 
retina \yith some tendency to infiltrate into the vitreous. Edema and 
infiltration like that in the retina were present in the choroid, chiefly in 
the inner layers. There was hyperplasia of the endothelium of many of 
the vessels of the choriocapillaris. The pial and arachnoidal sheaths of 
the intra-orbital portion of the optic nerve were infiltrated by monocytes, 
lymphocytes and plasma cells and there was some extension into the 
substance of the nerve. Parasites were not found in these last lesions. 

The first case observed clinically in which the parasites found micro- 
scopically in the lesions were proven definitely by animal inoculations to 
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be Toxoplasma was reported in 1939 by Wolf, Cowen and Paige.^^ This 
was an infant taken ill at 3 days of age with convulsive seizures, disturb- 
ances in respiration and symptoms of spinal cord involvement. The 
infant died at the age of 31 days. “Terminally, irregular reddish browm 
areas were observed ophthalmoscopically in each macular region.” The 
infant had a left Horner’s syndrome, deviation of the eyes to the right, 
and nystagmus to the right. According to Koch and his co-authors, it 
was thought clinically that these macular lesions were hemorrhages result- 
ing from cerebral birth trauma. At necropsy, however, there was found 
a widespread encephalomyelitis characterized by focal areas of inflam- 
mation and necrosis and by disseminated miliary granulomas. Histo- 
logically, the lesion in the right eye proved to be a localized chorioretinitis. 
A protozoan morphologically identical with Toxoplasma was present in 
all the lesions. 

In 1941, Sabin,^^ who, in 1937, in association mth Olitsky, first demon- 
in a guinea pig the occurrence of Toxoplasma in North America, reported 
2 cases of encephalitis in children in which the Toxoplasma were definitely 
established as the etiologic factor. The mode of infection was not estab- 
lished. He did not observe retinal or choroidal lesions in either of these 
cases. At that time Sabin seemed to think that the only accurate method 
of diagnosis was by inoculation of the spinal fluid or heparinized blood, or 
both into mice or guinea pigs by the intracerebral or intra-abdominal 
routes. He stated that, prior to his 2 cases, “There is therefore definite 
evidence of toxoplasmic infection in only 1 human being, an infant with 
'congenital’ encephalitis; that the 4 other cases of congenital encephalitis 
associated vdth morphologically similar parasites are also examples of the 
same infection can be considered only as probable.” 

Sabin stated that the Toxoplasma might perhaps be found in direct 
examinations of the spinal fluid “in rare cases in which the disease is 
especially destructive to the nervous system, as in infants during the first 
days or weeks of life.” He also stated that neutralizing antibodies against 
Toxoplasma apparently develop in human serum and may disappear as 
early as 6 weeks after the onset and that the presence of such antibodies 
would be strong evidence of toxoplasraie infection, which their absence 
would not exclude. Apparently these neutralizing antibodies may persist 
in the blood serum for a much longer period of time than was originally 
supposed since the diagnosis of toxoplasmosis has been established presum- 
ably in more recent cases by the presence of these neutralizing antibodies 
long after the probable onset of the disease. 

Also in 1941, Pinkerton and Henderson'* reported 2 cases of adult 
toxoplasmosis proven by animal inoculation. These were instances of 
acute febrile exanthematic disease closely simulating Rocky Mountain 
spotted fever and endemic typhus and having some features in common 
■\vith certain of the atypical pneumonias. No mention is made of involve- 
naent of the eyes. They suggested as possible diagnostic procedures to 
aid in the establishment of the diagnosis skin biopsies, neutralization tests, 
spinal fluid examinations, examination of blood smears, blood cultures, and 
examination of the sputum in cases with lung involvement. The authors 
suggest the tick as a possible vector of the disease. 

_ In October, 1942, Sabin'® reported the results of toxoplasma neutraliza- 
tion tests performed on sera from 151 selected individuals. The sera of 
59 of these were found to be positive. Of a group of 13 children ranging 
in age from 1 day to 15 years who exhibited “ cerebral calcification and/or 
chorioretinitis in the macular region associated with hydrocephalus, micro- 
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cephalus and/or convulsions, psj’^chonvotor disturbance, etc.,” 10 showed 
positive sera, and 8 of 10 mothers of this group had positive sera. On 
the other hand, of a group of 10 children ranging in age from 9 Aveeks to 
5 years, who showed “hydrocephalus or microcephaly without cerebral 
calcification or chorioretinitis,” none had a positive serum, and only 1 of 4 
mothers of this group examined had a positive serum. And of a group of 
9 children ranging in age from 1 day to 5 years who had “convulsions, 
psychomotor disturbances, etc., without cerebral calcification or chorio- 
retinitis,” only 1 had a positive serum. One of 2 mothers of this group 
had a positive serum. Of a group of 10 patients Avith “chorioretinitis of 
unknown etiology resembling that seen in congenital toxoplasmosis,” 
9 had positive sera. These patients ranged in age from 8 years to 59 years. 
Of the sub-group of 4 in which the disturbance of vision had been noted 
first at the age of 5 or 6 years, all 4 had positive sera, as did their mothers. 

In November, 1942, Levin and Moore® reported a case of fetal toxo- 
plasmic encephalitis. A boy, aged 3^ months, had convulsions, mental 
retardation, microcephaly and several areas of cerebral calcification. The 
ocular fundi Avere thought to be normal. However, 2 months later, “ The 
fundi showed pallor of the nasal portions of both optic disks and seA'^eral 
large areas of old chorioretinitis. These Avere located in the lower temporal 
portion of the right fundus and in the upper temporal and loAver nasal 
portions of the left. They were all sharply outlined and showed yellowish 
Avhite patches Avith accumulations of pigment, chiefly at their margins, but 
also within the atrophic areas. The vitreous Avas clear and there were no 
hemorrhages or areas of edema in the retina.” The blood from both the 
patient and his mother gave positive complement fixation tests for Toxo- 
plasma, but did not contain Toxoplasma neutralizing antibodies. Sabin, 
Avho performed these tests, was not Avilling to accept these tests as un- 
equivocal evidence of toxoplasmic infection. 

In January, 1943, Crothers* reported a group of 10 cases presumed to 
have toxoplasmic infection. Among this group Avere included 7 children 
with chorioretinitis, convulsions and cerebral calcification. All of these 
children and all but 1 of the mothers (and this one was not tested) had 
Toxoplasma neutralizing antibodies in their blood serum. The ages of all 
the cases were not noted; the ages given were 4f, 10| and 12 years. 
No details of the chorioretinal lesions were described. 

In January, 1943, Koch, Wolf, Cowen and Paige® reported 6 cases of 
toxoplasmic encephalomyelitis with ocular lesions in Avhich the diagnosis 
Avas made on the basis of the clinical findings and Avas confirmed by the 
identification of neutralizing antibodies to Toxoplasma in the serum of all 
the cases. They called attention to the syndrome characterized by chorio- 
retinal lesions, symptoms and signs of Avidespread involvement of the 
central nervous system, convulsions, frequently internal hydrocephalus, 
and cerebral calcification visible in roentgenograms of the head. The ages 
of the patients in this series ranged from 31 days to 11 years. The chorio- 
retinal lesions were active in 2 patients, aged 31 days and 4 years respec- 
tively. In the latter case, the lesions were largely healed but a lesion in 
the left eye still showed some signs of activity. The lesions in the infant 
of 31 days, which Avere actively progressive Avhen first observed, seemed 
to have become quiescent after 5 months of observation. The lesions 
Avere apparently multiple in all except 2 eyes. The macular region Avas 
involved apparently in all but 1 of the 12 eyes described. Of the 12 optic 
disks described, 4 showed simple optic atrophy, 2 secondary optic atrophy, 
3 pallor Avithout atrophy, 2 papilledema, and only 1 was normal. All 6 of 
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the children had strabismus, in 5 'convergent, in 1 divergent. Three had 
searching nystagmus. Three eyes in 2 cases were said to be "small” and 
1 in another case was described as microphthalmic. Pupillary membrane 
remnants were observed in 3 ej^es, posterior cortical cataract in 1, .and 
posterior lenti conus in 1. Cerebral calcification was noted in the roent- 
genograms of the head in 5 of the patients. . 

Koch and his co-authors include in their discussion another case pre- 
viously reported by Wolf, Cowen and Paige,^^ in which there was progres- 
sive hydrocephalus and small areas of calcification in the brain. The 
child died at 9 weeks of age. Both eyes appeared to be smaller than 
normal in size and showed ophthalmoscopically a large, apparently vascu- 
larized “membranous mass” posterior to each lens. This was considered 
clinically to be either a detachment of the retina, a persistent tunica 
vasculosa lentis, or a glioma of the retina. Microscopically, the masses 
proved to be toxoplasmic chorioretinitis with masses of partially organized 
granulation tissue extending into the Autreous from the retina. 

Histologically, all the lesions described by Koch and his co-authors 
were in the active stage. (All of these patients were infants, less than 
3 months of age.) There were focal areas of edema and necrosis of the 
retina, involving in some places all, and in others some of the layers of the 
retina. The marginal zones of the necrotic areas showed perivascular 
and diffuse infiltration by lymphocytes, plasma cells, and occasional poly- 
morphonuclear cells, eosinophils, and lipoid laden phagocytes. There was 
some infiltration and vascular and connective tissue proliferation into the 
vitreous. The retinal pigment epithelium was disrupted and some pig- 
ment cells tended to migrate into the retina. Tlie choroid was moderately 
infiltrated by cells similar to those in the retina in areas corresponding 
to the retinal lesions, and the sheaths of the optic nerves were similarly 
infiltrated. "Toxoplasmas were present in the retinal lesions and in 
general were most frequent where the lesions were most severe. Occasional 
parasites without accompanying reaction Avere observed in relatively nor- 
mal portions of retina near the margins of inflammatory foci. They 
occurred singly or in clusters, free or intracellularly, or as ‘cysts.’ They Avere 
were rare in the choroid.” 

With reference to the pathogenesis of the ocular lesions, Koch and his 
co-authors believe that the disease has its inception during fetal life, and 
that the parasite probably reaches the brain and other organs by Avaj’^ of 
the fetal circulation from the placenta. They think it possible but not 
likely that, after the brain has been infected, the infection passes by Avay 
of the subarachnoid space in the optic nerA'e sheaths to the interior of the 
' globe. They think that the presence of the chorioretinitis during intra- 
uterine life may interfere Avith the normal development of the eye since 
microphthalmos and other congenital defects occur. But this interference 
must take place rather late in the period of gestation since no major 
malformations of the eye or nerAmus system have been found. 

Koch thinks that the earliest phase of the chorioretinal lesion produced 
by the Toxoplasma is represented ophthalmoscopically by localized edema 
Avith indefinite peripheral demarcation and early necrosis in the central 
part of the lesion. ,The retinal vessels are normal. Later, the central part 
of the lesion becomes definitely atrophic so that the sclera becomes visible. 
Pigment clumps appear at the border of the central atrophic area and 
pigment in more granular distribution in and at the margin of the edema- 
tous peripheral zone. Still later the lesion loses the appearance of edema, 
becomes sharply marginated, and may show atrophic and depressed zones. 
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or else elevated, avascular, homogeneous fibrous masses with possible 
invasion of granulation tissue into the vitreous. The entirely healed and 
inactive lesions appear as “sharply marginated areas^ of chorioretinal 
atrophy or proliferation, of varying degree, with diffuse irregular pigment 
deposition, more concentrated at the margins. The retinal vasculature 
remained surprisingly normal.” _ .... 

Koch and his co-authors think that toxoplasmic chorioretinitis occurring 
in infants and young children must be differentiated from pseudoglioma, 
intra-ocular tumors, especially retinoblastoma, traumatic lesions (birth 
injuries), hereditary cerebromacular degeneration, congenital develop- 
mental defects, tuberous sclerosis, acute metastatic chorioretinitis in upper 
respiratory infections, acute exanthems, malaria and the like, tuberculous 
or other forms of meningitis, and syphilitic, tuberculous and leprous graiiu- 
lomas. They present as characteristic features of toxoplasmic chorio- 
retinitis; “(1) occurrence of severe and extensive focal chorioretinal 
lesions in infants and children; (2) regularity of bilateral involvement of the 
macular region; (3) tendency to bilateral occurrence of other lesions; (4) 
tendency to involvement of the periphery in one or more quadrants of the 
retina and choroid; (5) punched-out appearance of large and small lesions 
in the late phase; (6) occurrence of massive chorioretinal degeneration, 
extensive connective tissue proliferation and heavy pigmentation, as con- 
trasted with the dissociation of these changes in other chorioretinal lesions ; 
(7) presence of an essentially normal retina and vasculature surrounding 
the lesions in all stages of the infection; (8) tendency to the occurrence of 
associated congenital defects in the eyes; (9) rapid development of sequen- 
tial optic nerve atrophy; and (10) constant clarity of the media in the 
presence of severe chorioretinitis (with one exception, the left eye in 
Case 4).” They think that the other clinical signs and symptoms present 
in the case are helpful in the diagnosis when the ophthalmoscopic findings 
are not clearly diagnostic. “Symptoms and signs beginning at birth or 
early in life, a subacute or chronic course, evidence of widespread involve- 
ment of the nervous system, convulsive seizures, internal hydrocephalus, 
and the occurrence of intracerebral calcification all point to the presence 
of infantile toxoplasmic encephalomyelitis, of which toxoplasmic chorio- 
retinitis is an outstanding feature. Antitoxoplasmic activity of the serum 
tends to confirm this diagnosis.” They state further; “ It would appear 
that toxoplasmic chorioretinitis occurs in most, if not in all, instances of 
infantile toxoplasmic encephalomyelitis and is of diagnostic aid in the 
clinical recognition of this disease. It should be regularly sought in infants 
and children with a history of convulsions, hydrocephalus, mental retarda- 
tion, speech difficulties, defective vision, or intracerebral calcification first 
observed in early infancy.” 

The occurrence of toxoplasmic chorioretinitis and encephalomyelitis in 
twin infants was reported by Heath® at the recent meeting of the American 
Ophthalmo logical Society. The details of these cases are not available for 
presentation here, since they have not been published as yet. Heath 
seems to believe, along with Koch, that the chorioretinal lesions in these 
cases are always bilateral, are essentially always multiple, essentially 
always involve the maculas, and that they are most frequently associated 
with congenital anomalies of the eyes. It may be of interest that I have 
observed recently a single unilateral healed and atrophic chorioretinal 
lesion which did not involve the macula, in an infant with congenital 
hydrocephalus and multiple small areas of intracerebral calcification in 
the roentgenograms of the head. The blood serum of this infant possessed 
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neutralizing antibodies to Toxoplasma. The eyes appeared to be other- 
wise normal. 

In 1943, Vail, Strong and Stephenson'® reported 6 patients with chorio- 
retinitis in whom the lesions were apparently associated with Toxoplasma 
infection. Four of the patients were children, aged 7, 7, 7 and 12 years, 
at the time of the first discovery of the choroiditis. One patient was 
16 years of age and the other 23. Neutralizing bodies against Toxoplasma 
were found in the blood sera of both the patient and the mother in all 4 of 
the children and the authors considered the disease to be of congenital 
origin in 1 other case also. They believed that, in the 6th case, it had 
been acquired in later life. In 3 of the cases the lesions were healed and 
inactive. In 3 the lesions were progressive though, at the time of the first 
examination, thej-’ appeared to be inactive. Three patients showed uni- 
lateral and 3 bilateral involvement. In 1 patient, at the first examination, 
a diagnosis was made of bilateral central chorioretinitis and bilateral 
secondary optic atrophy of congenital origin. The lesions in the maculas 
were apparently healed and showed no change during an observation 
period of 4 years. One year later the chorioretinitis had been disseminated 
tlrroughout the left eye. Two years after this an acute anterior and poste- 
rior uveitis developed in the left eye, subsided in about 1 month, recurred 
4 months later, and again subsided in about 6 weeks. At this time, the 
chorioretinitis was observed to be disseminated in each eye with recurrent 
active foci. In the 2 other patients in whom there was eiddence of active 
inflammation, the lesions were unilateral; in 1 single and involving the 
macula, in the other multiple but not involving the macula. Of the 
3 inactive lesions, 1 was unilateral and involved the macula; the other 2 
were bilateral and disseminated ■with involvement of the macula. Evi- 
dence of cerebral calcification was found in only 1 of the cases. Two of 
the patients had convergent strabismus. No mention is made of any 
other congenital anomaly of the eyes. 

In general summary of the eye lesions which they had observed, Vail, 
Strong and Stephenson'® state; "The fundus usually reveals a chorio- 
retinitic lesion, unilateral or bilateral, having a predilection for the macular 
area. It has a grayish white center, is irregular, bordered with dark pig- 
ment, and surrounded on one or more sides bj"^ faint choroidal hemorrhage. 
The spread of the lesion is usually in the direction of the hemorrhage. 
The lesion may be elevated. Iridocyclitis, • vitreous opacities, retinitis 
proliferans, and detachment of the retina may result. Central vision is 
always adversely affected.” In this statement, the authors e\ddently 
have reference to some characteristics of the acute or active lesions which, 
in their opinion, may be of etiologic diagnostic significance. They state 
mth reference to the inactive lesions that “nothing characteristic was 
found in the fundi that could classify them as typical of Toxoplasma.” 
They believe that infection with . Toxoplasma maj'^ be more prevalent 
among the general population than has been generally supposed and that 
in any obscure pathologic condition of the eye, tests for the presence of 
Toxoplasma neutralizing antibodies are indicated. They conclude that 
“many cases of chorioretinitis formerly diagnosed as tubercular, metas- 
tatic, or of unknown etiology may be due to Toxoplasma, especially if 
associated with cerebral calcification.” 

Also in 1943, Lichtstein and Solis-Cohen'® reported 2 cases of familial 
epilepsy under the diagnosis of familial tuberous sclerosis. The father, 
aged 46, had had 2 epileptic seizures during a 12-year period. Roentgeno- 
grams of the skull revealed 2 small calcifications in the region of the left 
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lateral ventricle. The eyegrounds were normal. The son, aged 22, had 
had epileptic attacks since the age of 2 and showed some evidences of men- 
tal deterioration. Roentgenograms of the skull showed a, number of small, 
irregularly calcified deposits, probably within the ventricles. ^ Vision was 
poor. Ophthalmoscopic examination revealed extensive choroidal changes 
with large areas of atrophy in the maculas and moderately advanced optic 
atrophy. The eyes were highly myopic. “The lesions were believed by 
the ophthalmologist to be on the basis of a hereditary macular degenerative 
process, congenital and colobomatous in origin.” Merritt and Aring^^ 
and also Koch’^ expressed the opinion that these were really cases of toxo- 
plasmic encephalomyelitis. In his comment, Koch states; “Typical 
retinal tumors, not unlike the surface of an unripe mulberry in appearance, 
invariably occur in tuberous sclerosis, while in congenital or infantile 
toxoplasmic encephalomyelitis there are seen essentially without exception 
bilateral, more or less atrophic as well as pigmented, central (or macular) 
as well as more peripheral, fairly extensive patches of chorioretinitis. 
It is most probable that the onset of these patches in their acute phases 
occurs prenatally or in infancy or in both but not in childhood or later. 
There is no reason, however, to suppose that they do not continue to 
exist throughout the life of the afflicted patient or that they do not remain 
diagnostically recognizable. The latter is equally true with regard to the 
characteristic tumors of the optic disk and of the retina in tuberous sclero- 
sis, an entity in which chorioretinitis has not yet been observed as such, 
probably for the very good reason that the tumors are not inflammatory 
or microorganistic in origin.” 

There would seem to be no better way to summarize the situation with 
regard to toxoplasmic chorioretinitis as it appears to stand today than by 
some quotations from a recent article by Vail. “Cases of disseminated 
and circumscribed exudative chorioretinitis are relatively common.” “ The 
etiology of chorioretinitis, however, presents many problems and in far 
too many cases the cause perforce remains obscure. It is for this reason 
that evidence which indicates that a parasite which is probably not rare 
produces choroiditis in some cases assumes importance and warrants dis- 
cussion, even if the evidence may not be quite complete.” “ The ophthal- 
mologic findings in both the infantile and adult cases are the familiar ones 
of circumscribed exudative choroiditis. There is a predilection for the 
macular area and the lesions are usually bilateral and multiple.” “In 
11 of the cases described the condition was probably congenital, in the 
12th it was without doubt acquired. Three additional cases occurring in 
adults past the third decade under my observation have not yet been 
reported. These are probably acquired cases of toxoplasma.” Vail 
points out that, although Koch and his associates think that there are 
some ophthalmoscopic diagnostic features of toxoplasmic chorioretinitis, 
he has not been able to make the diagnosis from the ophthalmoscopic 
appearance alone in the older children and adults he has seen. Tlie diag- 
nosis depended on the demonstration of Toxoplasma neutralizing anti- 
bodies in the blood serum. Vaifi^ thinks that more studies are needed to 
prove the validity of this neutralization test. The test as at present 
performed seems to be of considerable difficulty. Perhaps more cases 
would be discovered if a more universally applicable and, at the same time, 
reliable laboratory test was devised. Sabin” spoke in 1941 of the possi- 
bility of a complement-fixation test of which Warren^® and he stated in 
1942, “VTiile a positive complement-fixation reaction does not in all cases 
indicate active or even recent infection, it is believed that this test may 
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have its greatest usefulness in the rapid diagnosis of active toxoplasmosis.” 
There seems to be no very satisfactory treatment for this disease, though 
various forms of sulfonamides have been tried. 
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American Men of Science. A Biographical Directory. Edited by Ja^xtes 
Cattele. Seventh ed. Pp. 2003. Lancaster, Pa.; The Science Press, 
1944. Price, S14.00. 

This ■well-knomi and invaluable book of reference requires no explanation 
or recommendation to American scientists. We agree with the Editor that 
the advantage of having an enlarged revised edition at this time outweighs 
the disadvantages associated with war-time production; and that, if only from 
the point of view of saving scientists’ time and energy, it is a contribution 
to the war effort. The new edition contains about 34,000 names, as compared 
with 4000 in the first edition, and 28,000 in the sixth. “A selection has again 
been made by their colleagues of the 250 total additional selections for this 
edition(?) who in the course of 5 years have attained a position among our 
leading scientific workers .... by the same methods as those used in previous 
editions.” This presumably refers to the asterisks appearing before the name 
of each individual’s specialty. In the case of certain individuals, the small 
number following the asterisk indicates the edition in which it first appears. 
Possible modifications of this procedure were not put into effect, as the A. A. 
A. S. Committee appointed to study the subject has been prevented from 
functioning by the war. 

We recommend the volume highly to all those engaged in scientific work. 

E. K. 


Synopsis of Obstetrics. By Jennings C. Litzenberg, B.Sc., .M.D., 
F.A.C.S., Professor Emeritus of Obstetrics and Gynecology, Univ. of Minne- 
sota Medical School, Minneapolis. Second ed. Pp. 405; 157 illus. (5 in 
color). St. Louis: C. V. Mosby, 1943. Price, $5.00. 

This book gives a very concise and complete review of obstetrics. It is 
well written, very clear, and contains many valuable illustrations. It makes an 
excellent teaching manual. I recommend it highly for a quick review of 
obstetrics. H. F. 


Civilization and Disease. By Henry E. Sigerist, M.D., D.Litt., LL.D., 

William H. Welch Professor of the History of Medicine in Johns Hopkins 

University. Pp. 255; 52 figs. Ithaca, N. Y.; Cornell Univ. Press, 1943. 

Price, $3.75. 

The 12 chapters of this latest production of a prolific pen are expanded 
from the 6 Messenger Lectures given at Cornell by Dr. Sigerist in 1940. They 
consider the relationships between disease and such facets of civilization as 
economics, the law, social life, history, religion, philosophy, science, literature, 
art, inusic. The opening and longest chapter. Civilization as a Factor in the 
Genesis of Disease, discusses the roles of nutrition, of costume and personal 
hygiene, of housing and sanitation in the production of disease. This is well- 
balanced by a final chapter on civilization's progress in the struggle against 
disease. 

The treatment of the subject matter is from the historical point of view, 
aimed at the layman, and necessarily fragmentary, presumably because of 
space considerations. However, the Author quickens our interest by the inser- 
tion of many critical and illuminating comments, which rise in powerful 
crescendo through the last few pages. It may be a cliche to say that in this 
country the technology of medicine has out-run its sociology— but this detracts 
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not at all from the value of Sigerist’s emphasis on the need for cutting down 
the number of unnecessarj’^ and premature deaths and lost ivorking days. 
Furthermore, no one can properly object to the position he takes that poverty, 
ignorance and medical ineffectiveness are the chief factors in lowering health 
conditions. Dr. Sigerist’s years of careful study of Soviet medicine and 
health maintenance, w'hich have made him easib’^ the best informed authority 
on this subject in the United States, have led him to what many authorities 
regard as too radical a stand on these matters as applied to America. But this 
aspect he leaves largely untouched in this book; and surely we may all agree 
wdth him that standards of living and of education and health conditions must 
be raised as high as possible throughout the world. True is it also that “a 
new medicine ser^ing a new society requires neiv forms of service.” But wbat 
is a reasonable interpretation of “as high as possible” and what should these 
new forms of sendee be? There’s the rub! The Re\dewer humbly acknowl- 
edges that he neither practices medicine nor concerns himself closely with the 
verj" necessary actiAdties of organized medicine. Even so, however, it seems 
almost ine^dtable that the American temperament, and our economical and 
educational standards and medical efficiency being what thej' are, the intro- 
duction of sw'eeping and revolutionarj’’ governmental control and centralization 
of power in the hands of a single federal official ivould shortty replace our sound 
evolutionarj' progress toward new’ forms of medical ser^dce (slow’ though it 
may be), with a degradation of medical efficiencj’ that w’ould far outweigh 
any advantages gained. E. K. 


The Medical Clinics of North America. Chicago Number. Symposium 
on Cardiovascular Diseases. Pp. 289; 37 figs.; 7 tables. Philadelphia; 
Saunders. Price, $16.00 per year. 

The January’ 1944 number of the Medical Clinics of North America contains 
2 interesting sjunposia. The first deals concisely, yet adequately, with 
several broad problems of cardiovascular diseases in the usual direct manner 
of the “Clinics.” Diseases of the blood-forming organs constitute the theme 
of the second sj’mposium, with emphasis placed on the increasing^ important 
subject of the Bh factor in 2 of the 7 articles of this group. 

An isolated article on the treatment of Pneumonia with Sulfadiazine, and 
another reemphasizing the ever-present errors in diagnosis of neoplastic 
le.sions of the large bowel conclude this number from Chicago. R. M. 


Pancreatic Function and Pancreatic Disease Studied by Means of 
Secretin. By Henrik 0. Lagerlof, M.D. Translated by Helen D. 
Drey. Forew’ord bj’ Joseph H. Pra'tt, M.D. Pp. 289 ; 50 tables. Printed 
in Sweden. New' York: Macmillan, 1942. Price, $3.50. 

This book deals primarity w’ith the technique, results and interpretation of 
the secretin test for pancreatic function. At the .same time the physiology 
and the clinical disturbances of the pancreas are presented under these chapter 
headings: normal external pancreatic secretion, acute pancreatic disease and 
chronic pancreatitis, the secretin test, general discussion and case reports. 

The procedures for the determination of the bicarbonate, amylase, trypsin 
and lipase content of pancreatic juice are amply and clearty outlined. Fac- 
tors that may influence results are also emphasized. For practical purposes, 
the book stresses the value of the bicarbonate and amylase determinations 
alone as sufficing to indicate the functional or pathologic state of the pancreas. . 

One strong feature of the text is the emphasis on the statistical treatment 
of the figures obtained. Thus, one gets the impression that the final figures 
and the conclusion derived therefrom are much more reliable than are the 
customarj’ average medical quantitative reports. ' 

Some space is devoted to the clinical aspects of pancreatic disease. The 
case reports, w’ith their operative or autopsy findings, attempt to correlate the 
laboratory’ tests with the strictly clinical picture. 
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By way of recommendation, one may state that the physiologic action of 
the Swedish preparation of secretin (which is the basis of the studies in the 
book) and its diagnostic value have been demonstrated and confirmed in this 
country by such students of pancreatic function and disease as Diamond, 
Comfort and Pratt. 

The book will be useful to the gastro-enterologist and to any physician 
interested in hepato-biliary-pancreatic disorders. G. A. 


Textbook of Gynecology. By Emil Novak, M.D., F.A.C.S., Associate in 
Gynecology, The Johns Hopkins Medical School; Gynecologist, Bon Secours 
and St. Agnes Hospitals, Baltimore. Second ed. Pp. 708; 456 figs. Balti- 
more: Williams & Wilkins, 1944. Price, $8.00. 

The first edition of Novak’s text appeared in 1941 under the title Gynecology 
and Female Endocrinology. The present volume has been expanded by 
nearly 100 pages. A chapter has been contributed on the common disorders 
of the female urinary organs by Houston S. Everett. The volume is written 
primarily for the student and general practitioner. One of its chief values 
lies in the large number of beautiful illustrations, many of which are produced 
in color. Its chapters on female endocrinology give the reader an excellent 
review of the problems which sometimes are brought to the gynecologist who 
is interested in this branch of his subject. This volume is to be highly recom- 
mended as a classroom text. D. M. 


Recent Advances in Medicine. By G. E. Beaumont, M.A., D.M. (Oxon.), 
F.R.C.P., D.P.H. (Bond.) ; Physician to the Middlesex Hospital, Hospital 
for Consumption and Diseases of the Chest, Brompton; Lecturer in Medi- 
cine, Middlesex Hospital Medical School; and E. C. Dodds, M.V.O., D.Sc.. 
Ph.D., M.D., F.R.C.P., F.I.C., F.R.S. (Edin.), F.R.S., Courtauld Professor 
of Biochemistry in the University of London (Middlesex Hospital). Elev- 
enth ed. Pp. 412; 43 figs.; many tables. Philadelphia; Blakiston, 1943. 
Price, $5.50. 

The 11th edition of this small handbook suggests that it fills a definite need 
for both practicing physician and student alike. The book reflects the British 
point of view and differs in some respects from the American teachings. For 
example, the evaluation of the sulfonamide drugs now in use does not seem 
to be supported by the American literature on this subject. The discussion 
of electrocardiography fails to emphasize significantly the importance of chest 
leads; and, in fact, the authors still speak of only one chest lead. 

Although there are points of value in this monograph it seems to the Re- 
viewer that better material is available elsewhere. F. M. 


Old Age in New York City. An Analysis of Some Problems of the Aged, 
Based on 3106 Requests for Information About Health and Welfare Ser- 
vices. By Helen Hardy Brunot. Pp. 128; many tables. New York; 
Welfare Council of New York City, 1944. Price, $1.50. 

A USEFUL and highly commendatory attempt to solve some of the problems 
of aging, which have aroused much interest during the last few years, has been 
the creation of a Bureau for the Aged by the Welfare Council of New York 
City. This group has now brought out a study of old age in that city. Under 
the direction of this Bureau, the important factors that make up the problem 
of aged people have been classified and critically examined. 

The inquiry upon which this report is based is extended over a 2| year 
period, during which 3106 requests for information were received. These 
requests were carefully investigated and evaluated in order to show the type 
of personal problems that were being faced by the old people of New York 
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and their experiences with the available community agencies to which they 
turned for assistance. 

The body of the report is divided into 5 sections. After dealing with the 
function of the Bureau, the sources of material and the methods of investiga- 
tion, sections follow which take up the age and sex distribution of the group 
studied and their social and economic backgrounds, the problems of physical 
and mental health in old age, the question of support in old age, and, finally, 
social relationships and environment as applied to the aged. 

One result of this study has been to confirm the dictum, “That old age 
itself does not constitute a social problem since it is natural and inevitable 
but that the conditions which surround the aged, including the attitude of 
younger people, create the problem.” The report is a well-prepared, clearly 
stated and thoughtful document. It is based upon a painstaking, scientifi- 
cally conducted investigation in which the investigators approached their 
problems not only intelligently but with a syrnpathetic understanding. The 
report can be studied with profit by all agencies and all individuals who are 
concerned with the welfare of older people. Until social agencies, the general 
public, and particularly families and friends of older people, are firmly im- 
pressed with the fact that, “ the first requisite to a more intelligent and humane 
community program for services aimed to benefit aged persons is a recognition 
of their individuality as persons,” no program can serve effectively the needs 
of the ever-increasing number of older individuals, not only in New York 
City but in all of our communities. G. P. 


The Jews and Medicine Essays. By Harry Friedenwald, M.D., D.H.L. 
(Hon.), D.Sc. (Hon.), Professor Emeritus of Ophthalmology, University of 
Maryland. Preface by Henry E. Sigerist. Publications of the Institute 
of the History of Medicine, The Johns Hopkins University. First Series: 
Monographs. Volumes 2 and 3. Pp. 817; many figs. Baltimore: The 
Johns Hopkins Press, 1944. Price, 83.75 per volume. 

But a brief perusal of these essays is required to demonstrate the author’s 
protracted and productive interest in Jewish culture and in the contributions 
of Jewish physicians to the progress of medicine. These volumes, which con- 
stitute the 2nd and 3rd volumes of the Monograph Series of Publications of the 
Institute of the History of Medicine, are composed of 42 articles mostly 
reprinted from, or in a few cases based on, previously published articles. 
They range over many years, from 1917 to the 1940s, and over a wide field— 
Jewish booldovers, practitioners and the practice of medicine, Jews and the 
Universities, hospitals, diseases of the Jews, and so on. Two monographs of 
more ambitious scope, listed as Chronicles, are on Jevnsh Physicians in Italy: 
Their Relation to the Papal and Italian States (63 pp.) and History of the 
Jewish Physicians of Spain, Portugal and Southeastern France (160 pp.). 
Though, for the most part, such Chronicles are drier reading than the warmer, 
biographic sketches, topical essays, and obiter dicta, they too have their proper 
place in a medical historical library, as valuable works of references. 

The medical profession owes much to the Friedenwalds of Baltimore and 
not the smallest of our debt is that brought about by the publication of these 
2 interesting and scholarly volumes. E. K. 


The Principles and Practice of Medicine. Originally written by Sir 
W iLLmi OsLER, Bart., M.D., F.R.C.P., F.R.S. Designed for the use of 
practitioners and students of medicine by Henry A. Christian, A.M., 
M.D., LL.D. (Hon.), Sc.D., (Hon.) F.R.C.P. (Canad.), F.A.C.P. Fif- 
teenth ed. Pp. 1498. New York: D, Appleton-Century, 1944. Price, 
89.50. 

A NEW edition of “Osier” is always something to look forward to; it is 
especiallj’- satisfying to see this hardy perennial continuing to appear at such 
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frequent intervals — this being the 6th edition to be published in the past 
decade. It is also notable, in these days of multiple authorship, that a single 
author can keep a work of this size and scope so well abreast of the rapidly 
changing times. 

As Dr, Christian, in his Preface, expresses pleasure in his contact vdth those 
voicing suggestions, and regrets that anonymous reviews prevent his pursuing 
the Reviewer’s remarks farther (though doubtless the Editor would supply the 
Reviewer's name and address on request), the present Rewewer started notes 
as to suggested changes and modifications. As these, in print, however, could 
not avoid creating an erroneous atmosphere of adverse criticism where none 
was intended, and doubtless at times would contain no germ of improvement, 
the suggestions have been confined to private correspondence. For the book 
as a whole, there can only be praise. 

Conforming to the policy started in the 14th (semi-centennial) edition, this 
edition has been “. . . .so organized that important new material will be 
quickly incorporated, so that Riere will be in the future not occasional but 
frequent new editions of the text,” and medical progress with its accelerated 
tempo thereby better presented. The slight handicap of rare blank or partly 
Mled pages, with accessory numbering of pages (such as _“72(1)"), is a small 
price for a reader to pay for the greater advantage mentioned. In fact, this 
may easily prove to be at least a partial answer to the loose leaf system as 
applied to medicine, with its tedious requirements of frequent shifting of old 
and new leaves. 

As before, the text begins with functional nervous diseases and ends with 
organic nervous diseases, an unusual schism of doubtful advantage. Infec- 
tions and parasitic diseases, intoxications and so on occupy almost half the 
book, the rest being taken up by diseases of the digestive and other systems. 
Due regard has been paid to the special needs raised by war conditions: the 
many tropical and venereal diseases, the increased chances of occurrence of 
various epidemics, the rise of new ana potent drugs, the increased need for the 
newest and best methods of diagnosis, prophylaxis and treatment— “all of 
this will be found in this edition in a very complete and up to date fashion” 
(Preface). The dates of the articles included in the references at the end of 
each section amply confirm the up-to-datedness of this excellent book. 

E. K. 


Office Treatment of the Nose, Throat and Ear. By A. R. Hollander, 
Associate Professor of Otolaryngology, Univ. of Illinois. Pp. 480; well 
illustrated. Chicago; Year Book Publishers, 1943. Price, S5.00. 

This book should be in the hands of all who treat conditions of the upper 
respiratory tract. All modern concepts of treatment are prescribed. The 
bibliography is excellent. The Reviewer gives unreserved recommendations. 

K. H. 


Evolucion y Funcion Biologica db las Protbinas. By Julio Mendez, 
Physician of the J. M. Ramos Mejia Hospital; Honorary Professor of the 
School of Medicine of Buenos Aires, Cordoba, and La Plata. Pp. 139. 
Buenos Aires: Guillermo Kraft, 1943. 

This book consists of 6 lectures given by the author at the School of Medi- 
cine of the Universidad Nacional of Buenos Aires on the evolution and bio- 
logic functions of the proteins. The exposition is very clear and the style is 
eloquent and precise. He discusses the chemical structure of proteins and 
subdmdes them into macroproteins (fibrinogen, fibrin, collagen), mesoproteins 
(euglobulins, pseudoglobulins), and microproteins (serum albumins, amino 
acids). It is a debatable question whether or not this classification tends to 
clarify the study of this group of compounds. 

The name “lysins Mendez” is given to the amino acids in the body, and the 
role of these compounds as active agents in pathologic conditions is presented 
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as a theory of the author. Furthermore, some of the expressed concepts of 
allergy, anaphylaxis and immunity do not agree with the prevalent ideas. 
Water balance, edema, nephrosis, acidosis, alkalosis, inflammation, and so 
forth, are discussed. 

The book provides interesting information regarding the author’s point of 
view on some physiologic processes, though they may not be entirely in agree- 
ment with the current theories on the subject. L. G. 


A IManual of Medical Parasitologt. Bj-- Clay G. Huff, Professor of 

Parasitology, Univ. of Chicago. Pp. 88; 10 plates. Chicago: Univ. of 

Chicago Press, 1943. Price, SI. 50. 

Parasitologists have complained for some time that their subject has 
not received adequate recognition in the curricula of medical schools in this 
country. Now that current circumstances have emphasized the importance 
of parasitic diseases and more time is being allotted to their study, one may 
wonder that there has been this neglect. Perhaps it has reflected the iso- 
lationist attitude of the nation, perhaps it has been a result of overcrowded 
curricula, or possibly it was related to the manner in which the subject had 
been presented. 

This manual is an outgrowth of notes used for the past several years in the 
course in Medical Parasitology'' at the Univ. of Chicago. General arrangement 
of the text is shown by the following chapter headings: 1. Trematodes or 
Flukes; 2. Cestodes or Tapeworms; 3. Nematodes or Roundworms; 4. Intes- 
tinal Protozoa; 5. Hemoflagellates; 6. Malarial Parasites of Man; 7. Mosqui- 
toes IMiich Transmit Disease; 8. Flies 'WTiich Transmit or Cause Disease; 
9. Other Bloodsucking Insects I\T)ich Transmit Disease; 10. Ticks and Mites 
— Order Acarina; 11. Laboratory Diagnosis of Parasitic Infections. 

The book is illustrated by 1 composite chart of trematode life histories 
(which is too complex for teaching purposes) and by several other simpler and 
more useful figures. The colored plate of 3 species of Plasmodium of man 
is especially good. In part the text is a conventional discussion, interspersed 
here and there with more or less extensive and detailed directions for labora- 
tory exercises to which questions are appended. 

This arrangement of the material brings the student into contact with 
uncommon parasites first, and laboratory exercises suggest study of details 
of morphology of parasites of man or of organisms from other hosts, which, 
while important to a student of parasitology as such, have no part in an 
understanding of parasitic disease, their diagnosis and control. Instruction 
in Parasitology in medical schools would accomplish its rightful aims if the 
students understood how animal parasites cause disease and how infections 
may be recognized and controlled. There is certainly not time for more 
extended considerations. When parasitologists come to understand that and 
present the subject accordingly, perhaps it will receive the attention it deserves. 
Professor Huff’s manual is not a means to this end. H. R. 


Maurice Arthus’ Philosophy of Scientific Investigation. Preface to 
De I’Anaphylaide k l’Immunit4, Paris, 1921. Translated from the French, 
with an Introduction by Henry E. Sigerist. Foreword by Warfield T. 
Longcope. (Reprinted from Bulletin of the History of Medicine, Vol- 
ume XIV, No. 3, October, 1943, pp. 366-390.) Pp. 26. Baltimore: Johns 
Hopkins Press, 1943. Price, S.75. 

The distinguished French physiologist, for whom the “Arthus phenomenom” 
is named, wrote a chapter of advice for those beginning a career of ex^ieri- 
mental physiology. In this preface he warns students against the “theoreti- 
cians” and extols the scientific method. The experimentalist is urged to seek 
the answer to only one question at a time, having formed the question in such 
a way that it may be answered by yes or no. 

Dr. Sigerist has furnished an admirable translation. M. M. 
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Manometric Methods as Applied to the Measurement of Cell Respiration 
and Other Processes. By Maecolm Dixon, Ph.D., Sc.D., F.R.S., Univ. 
Lecturer in Biochemistry in the Univ. of Cambridge. Foreword by Sir F. 
G. Hopkins, O.M., F.R.S. Second ed. Pp. 155; 20 figs.; 6 tables. Cam- 
bridge: Univ. Press; New York: Macmillan. Price, $1.75. 

The study of the metabolism of isolated surviving tissues m vitro has 
extended into many biologic and medical fields. Since the original develop- 
ment by Warburg, manometric methods for the determination of the gas 
exchange of such tissue have increased in number, complexity and refinement. 
Dixon’s able book has always been a standard in this field and a new edition 
is welcomed by technologists in the field. The text has been thoroughly 
revised, and new sections have been added, viz,, measurements in serum, 
micro methods, and so forth. The bibliography has also been brought up 
to date. W. S. 


Medicine and the War. Edited by William H. Taliaferro. Foreword 
by William T. Hutchinson, Executive Secretary, Charles B. Walgreen 
Foundation for the Study of American Institutions. Pp. 193; several figs, 
and tables. Chicago: Univ. of Chicago Press. Price, $2.00. 

War always reemphasizes human problems; economic, social, political, 
philosophic, ethical. Medicine also presents many aspects which in peace 
time are hazy and ill-defined, but which now require sharper delineation. 
This small volume contains a series of lectures ^ven under the auspices of 
the Walgreen Foundation by a group from the University of Chicago Medical 
Faculty. It sums up in brief, clear and entertaining style most of the current 
war problems of medicine. The chapters which are particularly informative 
are those devoted to Chemotherapy; Malaria; Insects, Disease and Modern 
Transportation; and Shock and Blood Substitutes. Among other topics of 
general interest are: Food and the War; Awation Medicine; Neurological 
and Psychological Effects of Cerebral Injuries; Psychiatry and the War; and 
Chemical Warfare. 

The book is recommended reading to those who wish to obtain quickly a 
speaking acquaintance with recent progress and trends in these various aspects 
of war medicine. W. S. 


Medical Care of the Discharged Hospital Patient. By Frode Jensen, 

M.D., Instructor in Medicine, Syracuse Univ, College of Medicine; H. G. 

Weiskotten, M.D., Dean and Professor of Pathology, Syracuse Univ. 

College of Medicine; and Margaret A. Thoius, M.A. (Oxon.). Pp. 94; 

4 tables. New York: The Commonwealth Fund, 1944. Price, $1.00. 

The University Hospital of Syracuse, N. Y., through its activity in teaching 
domiciliary medicine to medical students, became increasingly aware of the 
unsatisfactory nature of medical care for most of its ward patients after dis- 
charge from the Hospital. This book is a report of their experiment in extend- 
ing medical supervision beyond the limits of the Hospital walls. Figures are 
presented showing that the extension of medical care shortened hospital stay 
and prevented readmission. 

An instructor in Medicine was appointed as Extra Mural Resident, and he 
was assisted by a lay Social Investigator. All patients (902) discharged from 
the medical wards for a period of 18 months came within the scope of the 
project. The Extra Mural Resident discussed nuth them all their plans for 
care after discharge. He acted as family physician for the patients needing 
home care and having no private physician, and as a coordinator of medical 
care for those who could be served by the Dispensary; those who returned to 
the care of private physicians; and those who were discharged to institutional 
care. Since 84% of the total group were chronically ill, the emphasis of the 
report is on medical and social problems of this group. 
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If hospitals are going to become more concerned in preventive medicine 
and in patients beyond the acute stage of illness, this report is interesting as 
an indication of one method of approach to the problem. The method reported 
may not be the solution, or might require considerable modification to be 
practical, but it certainly is aimed at the solution of one of medicine’s most 
besetting problems, i. e., how to prevent waste of medical care. Anyone 
interested in this subject will find the bibliography of great value. M. P. 


Safe Convoy. The Expectant Mother’s Handbook. By Wiluam J. Car- 
rington, M.D., A.B., F.A.C.S., Attending Gynecologist, Atlantic City 
Hospital, Atlantic County Hospital for Nervous and Mental Diseases, Pine 
Rest Hospital, Atlantic City Municipal Hospital and Atlantic Shores Hospi- 
tal; Diplomate American Board of Obstetrics and Gjmecology; Former Vice- 
President, American Medical Association. Pp. 253. Philadelphia, New 
York: J. B. Lippincott Companj'', 1944. Price, S2.50. 

This volume of 256 pages is a comprehensive consideration of the repro- 
ductive process which has been ‘written for the expectant mother. The 
author writes in an entertaining manner and covers his subject well. He has 
deemed it necessarj'^ to include a glossarj' of some 350 terms. This fact leads 
the Reviewen to wonder whether the average expectant mother will be able 
to digest its contents with ease. With that one exception the volume is 
without adverse criticism. D. M. 


The Care and Feeding of Children. Revised and Enlarged by L. Emmett 
Holt, Jk., M.D., Associate Professor of Pediatrics, Johns Hopkins Univ.; 
Associate Pediatrician, Johns Hopkins Hospital, Baltimore, Md. vSixteenth 
ed. Pp. 321; illustrated. New York and London; D. Appleton-Century, 
1943. Price, S2.00. 

This latest revision of one of the oldest and most popular baby-raising 
guides contains new material on “simplified milk formulas, up-to-date food 
and vitamin data, information on allergy and inoculations, and a section on 
behavior problems, to mention a few” (quotation from the jacket). Its con- 
tents are organized under the following chief headings: Care of Infants, 
Growth and Development of Infants, Breast Feeding, Artificial Feeding, Feeble 
and Premature Infants, Older Children, Behavior Problems, and Common 
Ailments of Childhood. The discussions, arranged in short question-and 
answer form, are couched usually in broad terms. 

The curious mother of a baby or growing child will find in this book satisfy- 
ing information regarding the common problems which come up while rearing 
a young citizen from cradle to adolescence. Though not every pediatrician 
would agree mth every statement made, the te.xtual advice conforms in general 
with the point of Anew of contemporary pediatric practice. I. W. 


Laboratory Methods of the United States Army. Edited by Jambs 
Stevens Simmons, B.S., M.D., Ph.D., D.P.H., Sc.D.(Hon.); and Cleon 
J. Gentzkow, M.D., Ph.D. Fifth ed. Pp. 823; 108 tables; 103 figs. 
(8 color plates) . Philadelphia: Lea & Febiger, 1944. Price, S7.50. 

This edition, like the first, prepared to meet the current war time needs, is 
now, as one might readily imagine, considerably larger than its predecessor. 
Yet by the military conciseness of presentation that it possesses, a wide range 
of subject matter is kept within the limits of an easily manageable volume- 
no mean advantage for the many “huts” and “tents” to which this book will 
penetrate. Its 11 parts, none without great practical value, cover a consider- 
ably wider range than the usual work of laboratory diagnosis: Clinical Path- 
ologj’^. Chemistry, Mycology, Bacteriology, Rickettsim and Filtrable Viruses, 
Protozoology, Helminthology^ Medical Entomology, Pathology, Special 
Veterinary Methods, Statistical Methods of the more important sections. 
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Part I, so-called ''Clinical Pathology,” though including Pregnancy Tests, 
Blood Groups and Transfusions, and the Serodiagnosis of Syphilis, is con- 
siderably shorter (126 pages) than Part II on Chemistry (220 pages) and 
Part IV on Bacteriology (178 pages). The last Part, on Statistical Methods, 
by General P. R. Hawley, Chief Surgeon in the European Field of Operations, 
is a novel and desirable feature in a book of this kind. One approaches it 
hopefully as "designed for the laboratory worker, interested in fields other 
than mathematics.” This tactfully expressed aim, however, has not pro- 
duced a handy statement for the beginning user of statistical methods. The 
very condensed style in itself, makes it as difficult, or perhaps even more diffi- 
cult, to follow than larger treatments of the subject. 

Of the 25 contributors about one-half are from civilian life, and a good third 
are notable authorities. One may indeed wonder how such an excellent up- 
to-date job has been accomplished bj' men all of whom must be carrying 
heavy loads of routine. They have produced a first class handbook with the 
needs of the military kept to the fore, but one that is just as useful in civilian 
laboratories and to veterinarians and public health workers. E. K. 


A Manual of Physical Therapy. Formerly published under the title 
"Physical Therapy for Nurses.” By Richard Kovacs, M.D., Professor 
of Physical Therapy, New York Polyclinic Medical School and Hospital; 
Attending Physical Therapist, Manhattan State, Harlem Valley State, 
Columbus, and West Side Hospitals New York. Third ed. Pp. 309; 
29 tables; 118 figs. Philadelphia: Lea & Febiger, 1944. Price, 83.25. 

In this revised edition the author has presented a brief, concise compendium 
of physical therapy, especially as it applies to the increasingly important role 
it is now assuming in the treatment of war injuries. The introduction gives 
the reader a picture of the scope, basis and history of physical therapy. Thei. 
the author presents an excellent discussion of the physics, physiologic effects, 
and the therapeutic application of heat, artificial fever, natural and artificial 
ultraviolet radiation, electrotherapy (including low frequency currents, long 
and short wave diathermy, static electricity, and electrodiagnosis), hydro- 
therapy, massage and exercise. There is included in the book a chapter bj”^ 
Dr. Madge C. L. McGuinness, who gives a comprehensive development of the 
physiology, classification and description of general and special exercises as 
they apply in the general practice of physical therapy; and as developed in the 
Army Reconditioning Program. There also is a chapter with suggestions and 
diagrams covering all the important points in the organization and conduct 
of a physical therapy department for institutional practice. The book is 
compact, clear, and concise, with an excellent organization of the subject by 
chapters. There are also review questions at the end of Parts 2, 3, 4 and 5 
that add to the teaching value of the book. 

It is the opinion of the Reviewer that the author has given to the field of 
physical therapy a brief, practical reference that will be a valuable addition 
to any library. W. T. 

Small Community Hospitals. By Henry J. Southmayd, Director, Divi- 
sion of Rural Hospitals, The Commonwealth Fund; and Geddes Smith, 
Associate, The Commonwealth Fund. Foreword by Barry C. Smith, 
General Director, The Commonwealth Fund. Pp. 182. New York: The 
Commonwealth Fund, 1944. Price, 82.00. 

This book brings to the public the accumulated experiences of the Common- 
wealth Fund in their program to improve the quality of medical care in the 
smaller communities of this country. It should become the handbook of 
any group of citizens interested in this fundamental and idtal problem. VTiile 
written primarily for the layman, its detailed discussion of plans, organization, 
and procedures will be of inestimable value to physicians and administrators 
interested in the improvement of hospital and medical care in rural communi- 
ties. R. B. 
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Oral Histology and Embryology. Edited by Balint Orban, M.D., 

D.D.S. Pp. 342; 262 illus., 4 color plates. St. Louis: C. V. Mosby, 1944. 

The rapid advance in knowledge of the oral tissues over the last decade 
has materially changed pur histologic insight. Thereby also new light is 
spread on patholo^c processes. Investigators in the histologic field often 
disagree as to findings and interpretations. This difficulty is overcome by 
proper planning of the book. Prominent men in the field of oral histologj'^ 
were requested to write outlines on different detail which they had personally 
investigated. The outlines were subsequentlj’^ discussed and criticized by 
these men collectively. The different ^^ewpoints Avere coordinated by the 
editor, embodied in chapters which Avere often redrafted and finally approA'^ed 
in essential by all contributors. LikeA\dse the resources of all collaborators 
Avere pooled and the best illustrations of their material selected. 

The student of oral histology is finally giA'en a textbook in which confusion 
resulting from differences in opinion is aA'oided. Clinical applications are 
added to each chapter. The result is a textbook AA’hich is a real contribution 
to the practice of dentistry. “We belieAm that the arrangement of the chapters 
could be improA'ed upon. Thus Chapter I on the Development of the Face 
and Oral CaAuty could haAm been folloAA'ed by Chapter 'VlII Concerning the 
Maxilla and Mandible, Chapter XV on The'Maxillary Sinuses, Chapter XIV 
on The Temporomandibular Joint, Chapter XII on Oral Mucous Membrane 
and Chapter XIII on Glands of the Oral Cavit 3 L Chapter II dealing Avith 
the Development and Growth of Teeth is properly followed by Chapters III 
to VII on fibamel. Dentin, Pulp, Cementum and Periodontal Membrane, 
after which could haA'e followed Chapters IX to XI on the Gingival Sulcus 
and Epithelial Attachment, Eruption of the Tooth and Shedding of the 
Deciduous Teeth. A closing Chapter XVI on Histologic Technic is appended. 
The marginal indices are helpful in revieiving the contents of the chapters. 
A concise review of the newer concept of amelogenesis is clearly expounded. 
The photomicrography is excellent and the publishers must be complimented 
for the general appearance of the book, as well as the accurate reproduction 
of the photomicrographs. We wonder if a discussion of the lymphatic sj^stem 
draining the oral tissues would not haA'e been an appropriate addition to the 
book. 

We heartily recommend this Oral Histology and Embryology to the student 
and practitioner alike. H. C. 


History' of Miners’ Diseases. By George Rosen, M.D. Introduction 
by Henry E. Sigerist, M.D. Pp. 490; many figures and tables. New 
York: Schuman’s, 1943. Price, 88.50. 

The seven jmars spent bj'^ the author in the preparation of this monograph 
have been well rewarded. His purpose of presenting “a comprehensiA'e his- 
torical study of miners’ diseases from prehistoric times to the end. of the 
19th century” has been well fulfilled, so that the student of the subject Avill 
find much solid information — both historical, sociologic and economic — ^while 
the more casual reader Avill find considerable entertainment. The latter AAffil 
find more of interest in the first third of the book — Part 1, From Neolithic 
Times to the End of the 18th Centurjq and may be pardoned for skipping long 
stretches of Part 2, especially the often dreary analyses of relatively unim- 
portant reports included in the 170 pages of Pathology and Nosography. 
Dr. Rosen has rightly decided that (in Sigerist’s introductory words) “The 
history of occupational diseases is infinitely more than medical history,” and 
that, here especially, “whether any use w'as made of medical knoAvledge did 
not depend so much on the physicians, as oii the social organization under 
which the laborer performed his work.” There are important chapters, there- 
fore, on Mining and Miners, Morbidity and Mortalit 3 ' Statistics, The Begin- 
nings of Social and ProtectiA'e Legislation, as well as on the more strictly 
medical aspects. 

One’s regret that the stud 3 ' stops with the end of the 19th century, and 
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thus incidentally includes nothing about American mining, is tempered by 
the author’s expressed hope that, under more propitious circumstances, he 
will present a similar study of the first four decades of the 20th century. 
At that time, also, he can cover asbestosis, silicosis, miner's nystagmus, miner’s 
anemia and cancer of the lung, as adequately as he has presented anthracosis 
in this volume. 

One wishes, too, that such a well-prepared book could have been more 
lavishly illustrated. The 8 illustrations from Agricola’s De Re Metallica 
might have set a standard that would have at least tripled the number of the 
fascinating 3 pre-Agricola pictures, and quadrupled those of the later period. 
Certairdy the 2 pictures taken from Snell and from the Report of the Royal 
Commision of 1842 teU more vividly and emphatically than pages of text, 
the need at that time for drastic change. They should make us, too, more 
understanding and therefore more tolerant of organized labor’s present abuse 
of its opportunities, now that it is having its innings. 

As a final recommendation of this and similar efforts, when well done, we 
may quote Sigerist’s final paragraph; “The historical presentation of a 
problem that has been solved is interesting enough because it illustrates the 
long way that had to be gone before the goal was reached. But when a job 
is not finished then the historical analysis becomes the more significant. By 
revealing the factors involved, those that retard and those that accelerate 
developments, it helps us to act more intelligently and thus paves the way 
into the future.” E. K. 


Textbook op Anatomt and Physiobogy. By Catherine Parker Anthony, 
B.A., R.N., Instructor of Anatomy and Physiology, Lutheran Hospital, 
Cleveland, Ohio; Formerly Instructor of Anatomy and Physiology, Frances 
Payne Bolton School of Nursing, Western Reserve Univ. Pp. 400; 35 tables; 
153 illus. (8 color plates). St. Louis: C. V. Mosby, 1944. Price, $3.50. 
This textbook in Anatomy and Physiology intended for preclinical nursing 
students is planned for a course of 90 to 100 hours. The text presents the 
essentials of anatomy and physiology, using a plan which conserves the 
instructor’s time in preparation and facilitates the student’s learning. The 
topical outlines preceding each chapter develop the subject matter in a logical 
way by the use of clear tables, diagrams and pictures. A compact outline 
summarizes each chapter. Stimulating review questions follow. Prepared 
examinations for each chapter and an answer key are also provided. 

This text is a valuable contribution to nursing education, being especially 
adaptable to the school of nursing with a limited teaching personnel. While 
not planned for a reference or research book, it contains all the essential con- 
cepts of anatomy and physiology necessary for preclinical students. 

H. F. 


Synopsis op Diseases of the Heart and Arteries. By George R. Herr- 
mann, M.S., M.D., Ph.D., F.A.C.P., Professor of Medicine, Univ. of 
Texas; Director of the Cardiovascular Service, John Sealy Hospital Con- 
sultant in Vascular Diseases, U. S. Marine Hospital. -Third ed. Pp. 516; 
103 figs.; numerous tables; 103 illus. (4 color plates). St. Louis: C. V. 
Mosby, 1944. Price, $5.00. 

This handbook of cardiovascular diseases has been useful and popular. 
It deihonstrates well how a large body of information can be presented in a 
concise and easily understandable manner.- These characteristics have been 
retained in the 3rd edition. There have been some rearrangements made 
and new sections added which are pertinent to this field in relation to the war. 
Such are a description of the i mm ersion foot syndrome, and a chapter on 
Military Cardiovascular Examinations and Interpretations. Of considerable 
interest, also, is an Appendix which describes new electrocardiographic data 
obtained with the use of unipolar central terminal precardial leads. The 
illustrations throughout the book are excellent. The pressure of accelerated 
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teaching programs will undoubtedly enhance the value of this book to teachers 
and students. The busy practitioner will find it helpful in clarifying some of 
the problems with which he is faced. L. A. 


Physical Biochemistry. By Henry B. Bull, Ph.D., Associate Professor 

of Physiological Chemistry, Medical School of Northwestern Univ. Pp. 347 ; 

93 figs. ; 44 tables. London: Chapman & Hall; New York: John Wiley & 

Sons, 1943. Price, $3.75. 

It is sometimes the pleasure of a Reviewer to be, in essence, an advertiser, 
albeit one whose sincerity may by the very nature of things be taken for 
granted. So it is that in this case the Reviewer, having found himself a whit 
less ignorant for the study of his subject, would urge his fellows to do the same. 

Dr. Bull has here presented the working methods of thought of one of the 
most basic sciences, without ivhose language at the very least the modern 
investigator is increasingly helpless and limited. The derivations are pre- 
sented rather in outline than in full, but ample references are supplied. This 
has the virtue of allowing a book of moderate length to survey a vast field. 
Some may find grounds for criticism when highly complex mathematical equa- 
tions are introduced “ out of the blue,” or adjacent to simpler ones. Since 
such equations are uniformly pertinent and necessarj' to the subsequent dis- 
cussion, the reader has the choice of accepting what is given or folloiring it 
out in the literature. In the chapter on electrostatics, Poisson's equation 
for the relation between potential and charge is an example. It is the Re- 
viewer’s feeling that this limitation is inherent in the outline, or survey method 
of discussion, and needs no defense. It may further be held that many 
surveys, by their brevity, leave nothing applicable in their wakes; Dr. Bull 
steers skilfully between the Scylla of sketchiness and the Charybdis of un- 
wieldly length, leawng the reader with an extremely useful systein of thought, 
some knowledge of experimental method, and one of the best bibliographies in 
the field. 

It lends concreteness to the discussion and orients the prospective reader 
to glance briefly at some of the material covered. A preliminary discussion 
of atomic structure leads to a consideration of isotopes, molecular structure 
and the nature of chemical bonds. The section on thermodjmamics Msely 
emphasizes the practice of dimensional analysis of equations, and then leads 
off with a simple and useful presentation of entropy, an understanding of 
which is so often difficult for the student. The subsequent development 
of the expressions for energy change and activities is easily followed and of 
immediate applicability to biologic problems. The chapter on reaction kin- 
etics leads into the heart of quantitative biologic measurements with a thorough 
discussion of reactions catalyzed by enzymes. The section on dialectrics 
reviews a field complex in nature, and difficult of discussion, which is vital to 
structural organic chemistry. In this case, the reader must be tolerant 
enough, if critical of the brevity, to remember the purpose of the book; suffi- 
cient material is presented for the understanding of subsequent sections. 
The highlight of the chapter on ions in solution is an able development of the 
Debys-Huckel theory of interionic attraction, called by the author one of the 
most important contributions to chemistry in this century. 

It must suffice merely to mention some of the remainder of the 18 chapters. 
These include discussions of acids and bases, oxidation-reduction, electro- 
kinetics (with a clear explanation of electrophoretic techniques), interfacial 
problems, colloidal solutions, membranes, and other related subjects. 

There is throughout the book a sense of weU-disciplined thought and exacting 
analysis which leaves the reader well grounded for further and more detailed 
study, and well fitted for the critical improvement of his own experimental 
approach. As a scientist of extensive training and experience. Dr. Bull gives 
here the tools with which the exact investigator may vastly improve himself. 
If he be already conversant with physical chemistry, he will &id new order 
and clarity for his mental workshop — if not, he wiU search long and far for a 
better introductory course. B. R. 
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Motivation and Visual Factors. By Irving E. Bender, Henry A. 

Imus, John W. M. Bothney, Camilla Kemplb, and Mary R. England. 

Pp. 369. Dartmouth CoU. Pubs., 1942. Price, |4.00. 

Complete visual examinations were made during the 4 years of the college 
course on students entering Dartmouth University beginning with the fall of 
1936. Data of psychologic factors and motivation were obtained during the 
students’ senior year by interviews, autobiographies, projective techniques 
and so forth. On the basis of these varied data, a detailed presentation is 
made of the motivational pattern of 20 representative students under various 
visual classifications in order to show the relevance of the visual factor in the 
light of the total personality. For each case there is given a summary of the 
general data, a visual summary, a psycho-portrait of the student, and finally 
a brief description of the role of the visual factors, in view of the motivational 
structure of the individual. The authors point out that their results must 
be interpreted as being restricted to the special population studied, for among 
Dartmouth students visual handicaps are rare, and none of those who were 
examined were functionally handicapped to an 3 ’^ considerable degree. Further, 
all those who needed glasses were provided with adequate correction. It is 
further pointed out that the results obtained are only a contemporary study 
of motivation, since no attempt was made to study the influence of the visual 
defects upon motivation in the early life of the individual. 

The authors conclude that it is not possible to draw any conclusion regarding 
the influence of visual defects on the motivational pattern of the individual. 
However, the evidence does indicate that the motivational pattern of the 
individual influences his adjustment to his visual condition. The findings 
indicate that it is important to correct visual defects which interfere with 
visual comfort and with the visual efficiency of the subject. This book is of 
far more interest and importance to those who are concerned with the psycho- 
logic background of the students than with the visual defect. P. A. 


The Genealogy of GynjECology. History of the Development of Gynsecol- 
ogy Throughout the Ages, 2000 b.c.-ISOO a.d., with excerpts from the 
many authors who have contributed to the various phases of the subject. 
By James V. Ricci, A.B., M.D., Associate Clinical Professor of Gynecology 
and Obstetrics, New York Medical Coll.; Director of Gynecology of the 
City Hospital, New York; Associate Attending Gynecologist and Obstet- 
rician, Flower and Fifth Avenue Hospitals, New York; Consultant in 
G 3 mecoIogy and Obstetrics, Broad St. Hospital; Fellow of the New York 
Academy of Medicine. Pp. 578; 54 figs. Philadelphia: BlaMston, 1943. 
Price, S8.50. 

A COLLEAGUE who knows medical history, ha^^ng been asked recently where 
he would place the chronologic mid-point of medical history, i. e., the data 
which would divide medical progress into two equal halves, answered, “ Oh, 
about 50 years ago.” We both were sure that such a date would fall on this 
side of the year 1800. If either of these is correct, a survey, such as Ricci’s 
Genealogy, misses half or more of the story. In fact, it would be hard to 
accept, if one did not see the Footnote on p. xviii of Dr. Schumann’s Introduc- 
tion, telling us that a second volume on modern gynecology was to follow. 

This.said, one can be free with praise of this full, well-documented narrative, 
modestly told, but clearly representing years of patient labor that doubtless 
would have been laborious if it were not, as is obvious, a labor of love. The 
author, a teacher and- practitioner of gynecology and obstetrics, more than an 
historian, makes no pretense at original research, and "as a child in scholar- 
ship” has "leaned heavily on the monumental compilations of the master, 
medical historians,” as may be verified in the character of the references. 
In fact, one might add that volumes such as this, directed at the reader who 
is not a professional historian himself, possesses certain advantages when 
not composed^ by the professional historian; and there are practically no 
medical histories in English, general or special, by professional medical histor- 
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ians, anyhow; on gynecology and obstetrics, Jameson’s small volume in the 
Clio-Medica Series is the only one I know of in English. 

The author follows the conventional chronologic approach: The Prehistoric 
Period ; The Ancient Epoch (Egyptian, Babylonian, Assyrian, Hindu, Hebrew) ; 
The Classic Age; The Byzantine Period; The Arabic Era; The Mediaeval 
Epoch; The Transitional Period (Renaissance, 17th and 18th centuries)— a 
part about as long as all the preceding parts together. _ An Index of 64 double 
columns in small print shows the detailed and conscientious way in which 
this book had been prepared; and yet the Subject Index (of 12 columns) could 
well be much larger still. The Index of Personal Names shows how many 
past vTiters can be found here, and only here among medical histories. 

The references are conveniently placed for the reader at the bottom of each 
page, in addition to a Bibliography at the end of each chapter. They not 
infrequentlj’’, however, refer to a translator or commentator rather than to 
the original source, or may not be sufficiently “complete” to lead to the 
source, without further search; the names of authors of Latin works may be 
misspelled or appear in the genitive case, errors of typography are more than 
average. These are but minor criticisms, however, and we know of no other 
history of this subject in English that compares with this work in its fulness, 
yet readability, its richness of illustrations, its documentation, and its guides 
to further reading. For the clinician and layman aware of medico-historical 
values, this narrative is highly recommended; for all, it is a valuable reference 
work that leads to a rich list of sources. E. K. 


The Complete Pediatrician. By W. C. Davison, Professor of Pediatrics, 
Duke Univ. School of Medicine; Formerly Acting Pediatrician in_ Charge, 
The Johns Hopkins Hospital. Fourth ed. Durham, N. C.: Printed by 
Seeman Printery for Duke Univ. Press, 1943. Price, 83.75 by check; 
84.00 on credit. 

“This 4th edition, in which 7000 lines were changed, was written because 
of the accumulation of additional pediatric information during the past 
3 years, particularly in chemotherapy, infectious and tropical diseases . . . .” 
This well-knovm handbook now contains 13 chapters divided into a total of 
250 sections, and a score of orderly, helpful tables. The first 7 chapters are 
composed of organized lists of the symptoms and signs produced by diseases 
of the major organ systems, with notes on the diseases and on treatment. 
The remaining chapters discuss laboratory and other procedures frequently 
used in pedia&ics; nutritional requirements; feeding and diets; therapy and 
pediatric nursing; growth, development and child care; history taking and 
physical examination; and drugs and prescriptions. There are innumerable 
cross-references. 

The author deems lactic acid milk the optimal base for artificial infant feed- 
ing. Planned for “medical students, internes, general practitioners and 
pediatricians,” the book is a comprehensive summary of facts pediatric, 
judiciously compiled and easy to use. I. W. 


NEW BOOKS 

Tuberculosis of the Ear, Nose, and Throat: Including the Larynx, the Trachea, 
and the Bronchi. By Mervin C. Myerson, M.D. Dedication to Dr. 
Hebert Arrowsmith, Pioneer in Bronchoscop 3 '’ and Laryngology. An 
outstanding worker in the field of tuberculosis. Pp. 291 ; 89 figs. Spring- 
field, 111,: Charles C Thomas, 1944. Price, 85.50. • 

This should be in the hands of all ■who work nfith institutional tuberculous patients 
and is of value to all n’ho practice otolaryngology. The Author has presented the sub- 
ject in a clear, concise, yet adequately comprehensive manner. Diagnostic and thera- 
peutic procedures are discussed in detail. The book is well illustrated and contains 
an excellent bibliography. K. H. 
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Psychiatry a7id the Far. A Survey of the Significance of Psychiatr}'- and Its 
Relation to Disturbances in Human Behavior to Help Provide for the 
Present War Effort and for Post War Needs. Edited by Fbank J. Sladen, 
M.D., Physician-in-Chief, Henry Ford Hospital, Detroit Trustee, McGregor 
Fund. Contributions of the Conference on Psychiatry of the University of 
Michigan and McGregor Fund. Pp. 505. Springfield, 111.: Charles C 
Thomas, 1943. Price, S5.00. 

Experimental Spectroscopy. By Ralph A. Sawtbr, Ph.D., Professor of 
Physics, University of Michigan. Now Lt. Comdr., U.S.N.R. and on leave 
from the Univ. of Michigan. Pp. 323; 107 figs. New York: Prentice- 
Hall, 1944. Price, $6.00. 

Infections of the Peritoneum. By Bernard Steinberg, M.D., Director of 
Toledo Hospital Institute of Medical Research; Past Fellow of the National 
Research Council; Former Crile Research Fellow, Western Reserve Univ. 
Foreword by Frederick A. Colder, M.S., M.D., Professor of Surgery, 
Univ. of Michigan Medical School; Director, Dept, of Surgery, University 
Hospital, Ann Arbor, Mich. Pp. 455; 45 figs.; 21 tables. New York and 
London: Paul B. Hoeber, 1944. Price, $8.00. 

Caesarean Section. The History and Development of the Operation From 
Earliest Times. By J. H. Young, M.B., Ch.B., D.T.M. and H. (Edin.). 
Foreword by Miles H. Phillips, M.D. (Hon.), B.S., F.R.C.S., F.K.C.O.G. 
Pp. 254; 22 tables. London: H. K. Lewis, 1944. Price, 16 Shillings. 

Principles and Practices of Inkalational Therapy. By Alvan L. Barach, M.D., 
Associate Professor of Clinical Medicine, Columbia Coll, of Physicians and 
Surgeons; Assistant Attending Physician, Presbyterian Hospital. Pp. 315; 
59 figs. Philadelphia: J. B. Lippincott, 1944. Price, $4.00. 

Physical Medicine in General Practice. By William Bierman, M.D., Attend- 
ing Physical Therapist, Mount Sinai Hospital; Assistant Clinical Professor 
of Therapeutics, New York Univ. Medical Coll., New York. Pp. 643; 
310 figs. New York and London: Paul B. Hoeber, 1944. Price^ $7.50. 

Hydronephrosis and Pyelitis (Pyelonephritis) of Pregnancy. Etiology and 
Pathogenesis. An Historical Review. By H. E. Robertson, M.D. 
Philadelphia: W. B. Saunders, 1944. Price, $4.50. 

The Neurosurgical Patient, His Problems of Diagnosis and Care. By Carl 
W. Rand, Clinical Professor of Neurological Surgery, Univ. of Southern Cali- 
fornia, School of Medicine, Los Angeles, Calif. Pp. 576; 121 figs. Spring- 
field, III.: Charles C Thomas, 1944. Price, $4.00. 

Secretory Mechanism of the Digestive Glands. By B. P. Babkin, M.D., D.Sc., 
LL.D., F.R.S.C., Research Professor of Physiology, McGill Univ., Montreal, 
Canada; Formerly Professor of Physiology in the Univ. of Odessa, Russia, 
and in Dalhousie Univ., Halifax, Nova Scotia, Canada. Dedication to 
Dr. Charles. F. Martin, Emeritus Dean of Medical Faculty of McGill 
Univ. Pp. 900; 220 iUus. New York and London: Paul B. Hoeber, 1944. 
Price, $12.75. 

The Electrocardiogram. Its Interpretation and Clinical Application. By 
Louis H. Sigler, M.D., F.A.C.P., Attending Cardiologist and Chief of 
Cardiac_ Clinics, Coney Island and Harbor Hospitals; formerly Instructor 
in Medicine, New York Post-Graduate Medical School, Columbia Univ. 
Pp. 403 ; 203 illus. and plates. New York: Grune & Stratton, 1944. 
Price, $7.50. 

Artificial Pneumothorax in Pulmonary Tuberculosis. Including Its Relation- 
ship to the Broader Aspects of Collapse TherapjL By T, N. Rafferty, 
M.D., Phoenix, Ariz. Formerly Resident Physician, William H. Maybury 
Sanatorium (Detroit Municipal Tuberculosis Sanatorium), Northville, 
Mich. Introduction by Henry Stuart Willis, M.A., M.D., Supt. and 
Medical Director, William H. Maybury Sanatorium, Northidlle, Mich. 
Pp. 192; 26 illus. New York; Grune & Stratton, 1944. Price, $4.00, 
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The Pathogenesis of Tuberculosis. By Abnold R. Rich, M.D., Associate Pro- 
fessor of Pathology, The Johns Hopkins Univ. School of Medicine, Balti- 
more, Md. Pp. 1008; 89 figs.; 4 charts; 20 tables. Springfield, 111.; Charles 
C Thomas, 1944. Price, S10.50. 

The Analysis and Interpretation of Symptoms. Edited by Cybil M. Mac- 
Bbyde, M.D., and 10 contributors. Reprinted from Clinics, April, 1944, 
vol. II, No. 6. Pp. 1343 to 1644; numerous figs., tables and plates. Phila- 
delphia; J. B. Lippincott, 1944. Price, 84.00. 

The Medical Clinics of North America. New York Number. Symposium 
on Psychosomatic Medicine. By 18 contributors. Pp. 787; 62 figs. Phila- 
delphia and London; W. B. Saunders, 1944. 

NEW EDITIONS 

American Men of Science. A Biographical Director 3 \ Edited by Jacques 
Cattell, Seventh Ed. Pp. 2003. Lancaster, Pa.: The Science Press, 
1944. Price, 814.00. 

Colorimetric Determination of Traces of Metals. By E. B. Sandell, Ph.D., 
Assistant Professor of Analytical Chemistry, Univ. of Minnesota, Minne- 
apolis, Minn. Vol. 3. Pp. 487; 73 figs.; 66 tables. New York: Inter- 
science Publishers, 1944. Price, 87.00. 

The Diabetic Life. Its Control by Diet and Insuhn. A Concise Practical 
Manual for Practitioners and Patients. By R. D. Labtience, M.A., M.D., 
F.R.C.P. (LoNn.), Physician-in-charge of Diabetic Department, King’s 
College Hospital; late Chemical Pathologist and Lecturer in Chemical 
Pathology, lUng’s College Hospital. Thirteenth ed. Pp. 228; 18 figs. 
Philadelphia: Blakiston Company, 1944, Price, 84.00. 

Principles and Practice of Ophthalmic Surgery. By Edmund B. Sp.^th, M.D., 
Professor of Ophthahnologj’’ in the Graduate School of Medicine of the 
Univ. of Pennsylvania, Philadelphia; Attending Surgeon, Wills Hospital; 
Consultant in Ophthalmolop', Philadelphia Hospital for Insane (Byberry) ; 
Assistant Ophthalmologist in the Rush Hospital, Philadelphia. Third ed. 
Pp. 934; 798 figs.; 6 color plates. Philadelphia: Lea & Febiger, 1944. 
Price, 811.00. 

The fact that a new edition was necessary just 3 years after tlie publication of the 
2rid edition, is added testimony to the popularity and value of this work. _ The new 
additions include a discussion on the physiology of squint and a clarification of the 
section on ptosis. The illustrations, print and binding are excellent. F. A. 
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STUDIES ON THE MECHANISM OF THE HYPOTENSIVE 
EFFECT OF SUBSTANCES ELICITING 
LEUKOCYTOSIS AND FEVER 

By R. D. Taylor, M.D, 

AND 

Irvine H. Page, M.D. 

INDIANAPOLIS, IND. 

(From the Lilly Laboratory for Clinical Research, Indianapolis City Hospital) 

Many , clinical states that produce fever and leukocytosis are fol- 
lowed by sustained reduction of elevated arterial blood pressure in 
patients suffering from hj'per tension. Some of these are major surgi- 
cal operations (Volini and.jEiaxm.an^®), pneumonia, sterile or infected 
abscesses, non-shocking burns^^ and “non-specific” protein reactions. 
It was inevitable that this latterType of reaction should be considered 
in relationship with the lowenrig- of blood pressure of hypertensive 
patients and animals that follows injections of kidney extracts, such 
as were described by Grollman, Williams and Harrison® and workers 
in this laboratory.^i’i®’'® In a progress report concerning reduction of 
blood pressure with kidney extract, Page, Helmer, Kohlstaedt, Kempf, 
Corcoran and Taylor'^ stated that, “Almost nothing is known concern- 
ing the manner in which kidney extract lowers blood pressure,” and 
that, “Pyrogenic and local tissue reaction may contribute to the lower- 
ing of blood pressure in some patients but it appears unlikely to be the 
chief cause.” The work of Rodbard and Katz^^ who observed greater 
reduction of the blood pressure .of hypertensive dogs with abscesses 
following implantation- of kidney tissue, than animals with similat 
lesions produced by implants of other tissue, would seem to substan- 
tiate this feeling. More recently Remington, Cortland, Drill and 
Swingle'® have demonstrated that reduction of arterial pressure of rats 
by extracts of kidney occurs without the participation of fever. 

, On the other -hand, several investigators have suggested that these 
results were;due entirely to “non-specific” reactions and have dis- 
counted any specific hypotensive qualities of kidney extracts. Thus 
Chasis, Goldring and Smith^ found the blood pressure of hypertensive 
patients decreased during the reaction to intravenous injections of 
typhoid vaccine. They observed equally great falls in pressure when 
the rise in temperature was prevented by administering large doses of 
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amiliopyrinc. Sclialcs, Stead and Warren’® reduced arterial pressure 
by intramuscular injections of a kidney extract whose proteins were 
denatured by treatment witli sulfuric acid. Prinzmetal, Alles, Mar- 
jfoles, Kagland and Davis'® obtained similar results witli heat-inacti- 
vated t^nosinase. All of these workers felt their results were due to 
“non-specific” protein reactions but, save for the elimination of fever 
as a cause by Chasis, Goldring and Smith,’’ no attempt was made to 
determine by what mechanism such reactions might reduce arterial 
pressure in hypertension. Without raising the question of specific 
blood pressure reducing qualities of kidney extract, still an ex-planation 
of the mechanism of pyrogenic hjqiotension is needed. 

Reactions of this tj^pe are usually accompanied by a rise in the 
W.B.C. count due to granulocytosis. The fact that granulocytes are 
known to contain large amounts of liistamine, a hypotensive agent, 
as well as proteolytic enzymes, led us to consider the possibility of a 
relationship between pyrogenic leukocytosis and the effects of pyrogens 
on arterial blood pressure. The present study was undertaken to 
ascertain whether or not leukocytosis as such causes a decrease in the 
elevated arterial pressure of experimental renal hypertension in dogs 
and malignant hypertension in human beings. 

Methods. The dogs were made hypertensive by the silk perinephritis 
method of Page.’® Blood pressure was measured daily by direct intra-arterial 
puncture of the femoral artery. The dogs were not studied further unless the 
mean pressure on 10 or more successive days was stabilized above 160 mm. Hg. 

In one procedure, sterile abscesses were produced by injecting 1.5 to 2.5 cc. 
of turpentine into the axillary tissue of h3'pertensive and normal animals. 
For another, pus from these lesions Avas then aspirated and injected subcuta- 
neously and intraperitoneally into hypertensive dogs. Each of these animals 
received 40 to 60 cc. of sterile pus daily. In a third series the leukocyte-pro- 
ducing factor of necrotic tissue described by Menkin, Kodish and Warren® 
Avas prepared b}^ Dr. 0. M. Helmer. Ten to 20 cc. of this material aa'cs in- 
jected subcutaneously or intravenously into hj'pertensive animals. The 
change in W.B.C. counts was folloAA'ed by counting the leukocytes in heparin- 
ized blood draAvn from the femoral A'ein. In a fourth series leukoc3’^tosis A\'as 
produced by injecting 10 to 15 cc. of a 70% solution of acetyl metlwlamine 
intramuscularly, as suggested by Zondek and Bromberg.®® _ 

The patients studied Avere terminal malignant h3’'pertensiA"es from the Lilly 
Clinic. The diagnosis of malignant hypertension Avas made according to the 
classification of Keith, Wagener and Kernohan,® that is, by the demonstration 
of papilledema and retinal hemorrhages. The terminal state AA^as determined 
by the presence of clinical uremia, or by the demonstration that renal function, 
as measured by the diodrast Tm, was not compatible Avith more than a fcAV 
Aveeks’ survival (Corcoran, Taylor and Page’). Blood pressures were taken 
as often as indicated by the auscultatory method. White blood counts Avere 
made from finger-tip blood. 

The substances injected intravenously into these patients Avas prepared by 
Dr. A. A. Plentl of this laboratory. In the first series of experiments, the 
material used A\'as an albumin fraction of pork blood. The serum to be 
fractionated Avas so decanted from the R.B.C. that the huffy layer of leuko- 
cytes AA’as contained in it. To it Avas added an equal volume of 3 M (NH4)2S04 
and the pH of the mixture brought to 6.5 by addition of 1 N H2S04. The 
precipitate Avas removed by filtration and discarded. The concentration of 
_(NH 4 ) 2 S 04 in the filtrate AA'as sloAvly increased from 1.5 to 2.1 M by the rotat- 
ing cellophane membrane technique. The precipitated albumin Avas collected, 
dissolved in a small volume of AA'ater, and fractionally precipitated by succes- 
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sive adjustments of (NH4)2S04 concentration to 2, 2.15 and 2.4 M in a rotating 
membrane. The 2.4 M precipitate was separated by filtration, dissolved in 
distilled water, dialy.zed against running tap water for 24 hours, and then 
against distilled water for 24 hours. The solution was made up to contain 
8% protein, and sterilized by Seitz filtration. Thirty to 120 cc. of this solution 
was given on 18 occasions to 5 patients with malignant hypertension. 

In a second series of experiments, human W.B.C. were extracted and 
injected intravenously into a patient with malignant hypertension. The 
W.B.C. were collected by suction from the huffy layer of 100 liters of human 
blood. Complete separation from the R.B.C. was effected by repeated cen- 
trifugation. The cells were then suspended in 3 volumes of distilled water. 
The suspension was stirred vigorously for 45 minutes, allowed to stand in the 
ice-box overnight, and again stirred for 45 minutes. Enough NaCl was then 
added to make a 4% solution. The mixture was dialyzed against tap water 
for 24 hours and filtered. The filtrate was adjusted to 2 M with (NH4)2S04 
in a rotating cellophane bag. The precipitate was separated by filtration and 
dissolved in the least volume of distilled water.. The filtrate was adjusted to 
4.1 M with (NH4)2S04. This precipitate was collected and dissolved in dis- 
tilled water. 

These two solutions were sterilized with the Seitz filter and injected intra- 
venously in 5 to 15 cc. amounts into a patient with malignant hypertension. 

Outline of Methods Testing the Effects of Gramdocyies on Hijperiension 

I. Hypertensive dogs: 

Leukocytosis induced by; 

1. Subcutaneous injection of turpentine with abscess formation. 

2. Subcutaneous and intraperitoneal injection of sterile pus. 

3. Intramuscular and intravenous injection of Menkin’s leukocyte-pro- 

ducing factor. 

4. Intramuscular injection of 70% acetyl methylamine. 

II, Patients with malignant hypertension: 

Extracts of leukocytes injected intravenously: 

1. Albumin fraction precipitated from pork serum containing huffy layer 

of cells. 

2. Extract of human leukocytes. 

(a) Fraction precipitated by 2 M (NH4)2S04. 

(5) Fraction precipitated by 4.1 M (NH4)2S04. 

Results. Effects of Granulocytes on Hypertension. I. Hyperten- 
sive Dogs. A. Leukocytosis induced by; 

1. Stibcuianeoits Injection of Turpentine With Abscess Formation. 
One and a half to 2.5 cc. of turpentine were injected into the axillary 
tissue of each of 10 h5T)ertensive dogs. The response was much the 
same in all animals. Within 24 hours the site of injection was indu- 
rated, tender and hot; there were 1° to 2° F. of fever, and the blood 
pressure was 20 to 40 mm. below control levels. On the 2nd day, the 
lesion was more localized but not fluctuant. The temperature was 
much the same as the preceding day, but the blood pressure was 10 to 
20 mm. lower. By the 3rd day, fluctuation was evident, the tempera- 
ture was elevated 3° to 4° F., and the blood pressure was at normo- 
tensive levels of 110 to 130 mm. Hg. As long as the abscess was 
encapsulated, the fever and normotension persisted. At the end of 3 
to 4 days the lesion began to discharge pus. The temperature returned 
to normal in 1 to 3 days but the blood pressure took 4 to 5 additional 
days to reach the previous hypertensive levels. During the first 3 to 
4 days the dogs were slightly lethargic and showed evidence of pain; 
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however, they ate well and moved about normally during the entire' 
experiment. A typical result is illustrated in Figure 1. 

2. Intra])eritoneal Injection of Sterile Pus. Sterile pus from turpen- 
tine-induced abscesses was aspirated and promptly injected into S 
hypertensive dogs. Twenty to 60 cc. were given subcutaneously, intra- 
peritoneall}", or both, for 6 to 13 days (Table 1), All animals had a 
rise in temperature of 1 ° to 3 “ F. during treatment. One dog devel- 
oped peritonitis and died, and 1 died of malignant hjTiertension. 
These 2 animals had 10 to 40 mm. falls in arterial pressure 2 to 4 days 
before death, but no other animals showed reduction of blood pressure 
during or after treatment. 



DAYS 

Fig. 1. — Effect of sterile abscesses on blood pressure and temperature of hypertensive dog. ■ 

3. Intraimiscidar and Iniravcnoiis Injection of Mcnldn's Leukocyte- 
prod^tcing Factor. Sterile pus was extracted for the leukocyte-produc- 
ing factor of Menkin. Eight animals received 10 to 15 cc.' Of this 
extract intravenously or subcutaneously for 7 to 12 days (Table . 2). 
The average increase of W.B.C. count was 46% (maximum 85% and 
minimum 28%). No variation of temperature or, blood pressure was 
observed. 

4. intramnserdar Injection of 70% Acetyl Meihylamine. Eight dogs 
were given daily injections of 10 cc. of a 70% solution of acetyl methyl- 
amide for 5 to 13 days (Table 2). The average rise in W.B.C. was 
66.4% (maximum 134% and minimum 25%). ‘ One dog developed an 
abscess at the site of injection and ex.perienced a fall in blood pressure 
similar to those that received turpentine. Another animal was given 
20 cc. of the 70% solution on 2 successive days and died of massive 
hemorrhage from^ the urinary and respiratorj'^ tracts. Autopsy indi- 
cated advanced liver necrosis with fatty infiltration. Otherwise there 
vore no untoward results, and neither fever nor hypotensive effects 
were recorded. 
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11. Patients With Malignant Hypertension. A. Extracts of 
leukocytes injected intravenous! 

1. Albumin Fraction Precvpiiated Frovi Pork Serum Containing 
Puffy Layer of Cells. An S% solution of this material was given intra- 
venously on 15 occasions to 5 patients with malignant hypertension. 
In 3, arterial pressure fell rapidly and remained low for intervals of 
25 to 40 minutes. Repetition of the injection 24 hours later produced 
less marked and less sustained falls in pressure. Each injection was 
accompanied by evidence of allergic reaction, such as hives, nausea, 
involuntary defecation and fever. Twenty-four hours after treatment 
all cases showed leukocytosis, but' blood pressure continued at the 
usual hj^pertensive levels (Table 3). 

On 3 occasions, in 2 patients, the fall in arterial pressure was delayed, 
occurring 6 to 10 hours after the injection and lasting about 2 hours. 
However, each was accompanied by evidences of sensitization and 
could not be reproduced by subsequent injections. These 2 patients 
maintained pretreatment hypertensive levels in the face of 200% 
increases of leukocyte count on the days following the treatment 
(Tables). 

Subcutaneous injections of the material caused no changes in arterial 
blood pressure. 

2, Extracts of Human Leukocytes, (a) Fraction precipitated bj’’ 
2 M (NH 4 ) 2 S 04 : The injection of this fraction resulted in flushing, 
pain in the back, chest and joints; and blood pressure fell 100 mm. Hg 
systolic and 80 mm. diastolic 2 hours after, returning to previous levels 
within 12 hours, at which time there was a 200% increase in white 
cell count. 

The fall in blood pressure could not be duplicated in this patient 
24 hours later, but the evidences of allergic sensitivity were again 
manifest and the W.B.C. rose to 400% of its normal level. 

iff) Fraction precipitated by 4.1 M (NH 4 ) 2 S 04 : Injection of the 
second fraction of the washed human leukocytes on 1 patient resulted 
in hives, perspiration, fever and a 42,500 W.B.C. , but without accom- 
panying change in arterial blood pressure. 

Discussion. This report is a part of an investigation undertaken to 
determine the mechanism wherebj’- “non-specific” and inflammatory 
reactions cause reduction of arterial blood pressure in hypertensive 
patients and animals. The majority of such reactions are accom- 
panied by fever and leukocytosis, both of which must be considered 
as having possible relationship to this change in arterial pressure; 
the former because it is associated with vasodilation and might thus 
evoke hj’potension, and the latter because of the high content of 
histaimne and proteolytic enzymes present in granulocjdes. Chasis, 
Goldring and Smith^ eliminated hjqjerpyrexia as the vasodilator 
responsible for the reduction of blood pressure in “non-specific” reac- 
tions. They blocked the temperature rise of hjqjertensive patients 
who received reaction-producing doses of typhoid vaccine intravenously 
by administering large doses of amidopjuine before the injection of 
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vaccine, and observed equally • marked vasodilation, renal hjqieremia 
and reduction in blood pressure as in febrile patients. 

Our studies have eliminated leukocytosis as well as large collections 
of leukocytes as components in the mechanism that causes vasodila- 
tion and lowered blood pressure. Neither injections of sterile pus nor 
the peripheral leukocytosis that followed injection of Menkin’s leuko- 
cyte-producing factor and 70% acetyl methylamine had an effect on 
the mean arterial pressure of hypertensive dogs. Likewise, leukocyto- 
sis and extracts of W.B.C, did not consistently lower the bipod pressure 
of patients with ihalignant hjqiertension. The lowered pressures that 
were observed were clearly due to allergic reactions. In light of these 
findings, it seems safe to assume that neither fever nor granulocytes 
cause the vasodilation that occurs in inflammation and “non-specific” 
reactions. ' ■ 

This evidence, in conjunction with the observation that fresh, sterile 
pus which should contain any hypotensive material that might result 
from denaturation of tissue proteins by inflammation or proteolytic 
enzymes, failed to reduce blood pressure; and would seem to point 
to some alteration in febrile states of the homeostatic mechanism 
responsible for maintenance of vascular tone and elevated blood 
pressure. By this we mean that some humoral agent akin to those 
that induce leukocytosis, cellular dlapedesis and fever itself, in inflam- 
mation (Menkin, Kodish and Warren®) may be selectively antagonistic 
or depressant to a body function that has to do with the maintenance 
of blood pressure. 

Such a function could be ascribed to the adrenal cortex, inasmuch 
as Goldblatt,® Page,® Collins and Wood,® and Blalock and Levj'^^ have 
all demonstrated that renal hjqiertension is diflScult to induce or sus- 
tain in adrenalectomized animals treated with salt and adrenal cortical 
extracts. More recently, Weil and Browne®^ have demonstrated a 
qualitative change in adrenal cortical function as the result of systemic 
injury (operation, fracture, burn, febrile illness)., This change is re- 
flected in increased urinary excretion of cortin-like material with dimin- 
ished excretion of 17-ketosteroids and the establishment of negative 
nitrogen balance. Such insults to the body economy could also depress 
the secretion of another adrenal factor which maintains vascular reac- 
tivity in hypertension and thus account for the decreased arterial 
pressure which often follows it. As other explanations of this type of 
hjqiotension fail, some such concept comes to deserve further study. 

Summary and Conclusions. 1. Themechanism of reduction of arterial 
blood pressure of hypertensive patients following “non-specific” or 
inflammatory reactions is unexplained. 

2. Fever has been eliminated as the etiologic agent. 

3. The present studies have ruled out the second most common 
component of such reactions, leukocytosis, as the hjqjotensive agent. 

4. Neither injection of sterile pus nor peripheral leukocytosis result- 
ing from injection of hlenkin’s leukocyte-producing factor and 70% 
acetyl methylamine affects the blood pressure of hi-pertensive dogs. 
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5. It is suggested that "non-specific” and inflammatory reactions 
impair that function of the adrenal cortex that has to do ■with tlie 
maintenance of vascular reactivity and elevated blood pressures so 
eliciting reduction of arterial pressure. 

Lucile Y. Clary, R.N., contributed materially to this study. 
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FURTHER STUDIES ON THE LEUKOCYTOSIS-PROMOTING 
FACTOR AND ON NECROSIN IN INFLAMMATORY 
EXUDATES* 

By Yaly Menkin, M.D. 

ASSOCIATE IN RESEARCH AND FBLl.OW OP THE JOHN SIMON GUGGENHEIM MBMORIAI, 
foundation, free hospital for women, BROOKLINE, MASS. 

(From the Fearing Research Laboratory) 

Inflammation is the basic response to infectious processes.' As 
such, an important factor in its pathogenesis is a development of 
severe cellular injury. The inflammatory reaction is initiated by a 

* This is Paper 30 of a series entitled “Studies on Inflammation.” These studies were 
aided by grants from the Johnson and Johnson Research Foundation^ and from the 
Dazian Foundation for Medical Research. Read in part before the Boston Society of 
Biologists, March 15, 1944. 



disturbance in fluid exchange. It then proceeds through an orderly 
and fundamental pattern. The steps are in many of the sequences 
referable to the liberation of biochemical units liberated in turn by 
injured cells. Damaged cells may be regarded as having a totally 
different chemistry as a result of their deranged cellular metabolism. 
In this connection, several years ago it has been found that the mechan- 
ism of increased capillary permeability and of leukocytic migration is 
referable to the liberation of a crystalline nitrogenous substance recov- 
ered from exudates and termed leukotaxine.^ Leukotaxine is concerned 
only with local migration or diapedesis of polymorphonuclear leuko- 
cytes.3 As such it fails to alter the number of circulating leukocytes 
when introduced into the circulation. 

Leiikocyte-'promoting Factor. Nevertheless there seems to exist a 
leukocytosis-promoting factor in exudates capable of explaining the 
systemic leukocytosis frequently accompanying inflammatory proc- 
esses, for when the exudative material is introduced into the circulat- 
ing blood stream of a dog, this is followed by a rise in the number of 
circulating leukocytes.^ No such prompt response can be obtained 
with blood serum, bacteria, or saline. This factor is thermolabile 
and non-diffusible. These facts have suggested its protein nature. 
Indeed, fractionation with ammonium sulfate indicate that the activity 
is concentrated in the pseudoglobulin fraction of exudates.® The pres- 
ent adopted scheme has been somewhat simplified: 

Scheme of Extracting the Leukocytosis-promoting Factor (LPF) and 
Necrosin From Exudates 

-Exudate 

1 

1/3 Sat.(NH4)2S04 

/ \ 

Supernatant Precipitate 

i I 

Dialyze until tree of SO 4 - Dialyze until free of 80*= 

! I . 

• I Euglobulin with necrosin 

(NH4)2S04 to 1/2 saturation 

/ \ 

Ppt supernatant (albumin fraction) 

Dialyze until free of SOr= 

LPF (either dry by freezing or utilize directly) 

The effect of an injection of the LPF, as we term the leukocytosis- 
promoting factor, is on the bone marrow, inducing a discharge of 
immature or non-filamentous forms of granulocytes into the circula- 
tion.^ I shall presently return to the question of the effect of the leuko- 
cytosis-promoting factor on the bone marrow. 

The LPF is absent in normal blood serum, but it is present in the 
sera of animals with concomitant inflammation.® Such observations 
and others seem to indicate that the material reaches the bone marrow 
by penetrating from the site of acute inflammation into the circulating 
blood. 



The active principle is obtained readily from the exudate of man.'^ 
In the first series of experiments an average increase of over 100% in 
the number of circulating leukocytes was demonstrated by an injection 
of human LPF. At present wc can obtain even greater potency.’^ 
These results suggest possible clinical application. The rise is essen- 
tially due to an outpouring of granulocytes. Tliis is accompanied by 
an abundance of immature forms. 

■ Recently the eft’ect of thiSiUctive biologic substance on tlie bone 
marrow has been studied.® ' In Figure 1 the appearance of the femoral 
bone marrow is seen following an injection of the pseudoglobulin 
fraction of. normal blood serum . As you note, the bone marrow appears 
relatively normal. Contrast this effect when only 13.5 mg. of potent 
LPF is injected intravenously. Two days afterwards the animal is 
sacrificed. Note the active growth or hyperplastic response on the 
part of the bone marrow (Fig. 2). This proliferative response involves 
primarily the granulocytic forms and the megakarocytes. 

One may conclude, then, that the existence of a leukocytosis-promot- 
ing factor in exudates offers a reasonable explanation for the mechanism 
of leuLocytosis accompanying numerous inflammatory processes. As 
the prognosis of some infectious conditions has been referred to some 
some extent to the number of circulating leukocytes,*® the obvious 
clinical implication of the LPF in reinforcing other chemotherapeutic 
agents deserves exploration. Finally, the prompt growth response of 
this material on the bone marrow may also prove to have, besides 
theoretical interest, clinical possibilities in various sluggish conditions 
of the bone marrow. 

Necrosin. I now turn to another more recently identified chemico- 
biologic unit from inflammatory exudates. Neither leukotaxine nor 
the LPF induces any appreciable degree of tissue injury. T^et an 
inflammation is a manifestation on the part of the host of severe 
cellular damage. When whole exudative material is injected locally 
into a rabbit, a marked and appreciable response can be elicited. 
A search for the factor responsible for injury was undertaken. With- 
out burdening you with too much detail, it has been found that either 
the euglobulin fraction or associated Avith that fraction of exudates, 
there seems to exist a factor capable of reproducing the acute injurious 
edematous response of inflammation.® Material introduced into such 
an area fails to disseminate to the tributary lymphatic nodes. This is 
referable primarily to a Lonphatic blockade, Avhich in itself is a sign of 
marked local injury. Besides causing damage to the draining lym- 
phatics, the euglobulin fraction of exudate likewise induces injury to 
the vascular channels in the form of small thrombi. If the factor 
causing injury and recovered from inflammatory exudate is a euglobu- 
lin, then it may perhaps be an atypical euglobulin; for it fails to be dis- 
solved in the presence of electrolytes. The effect is scarcely referable to 
denaturation during dialysis of the SOi"" for an inactive fraction is 
obtained by similarly fractionating blood serum with (NH 4 ) 2 S 04 at 
one-third saturation, or sometimes by merely dialyzing whole exuda- 
tive material and recovering the precipitate. Furthermore, the reason 



for this statement lies in the fact that the whole exudate is injurious 
per se, inducing likewise a lymphatic blockade. No other fraction so 
far studied ' except the euglobulin fraction of exudates is capable of 



Fxg. 1.— The femoral bone marrow of a dog 2 days following an intravascular injection 
of 14.5 mg. of pseudoglobulin derived from normal blood serum. 



Fig. 2.— The femoral bone marrow of a dog injected 2 days previously with 13.5 mg. 
of leukocytosis-promoting factor. Thejjyperplastic response is striking. The prolifera- 
tive effect involves primarily granulocytic elements and also megakaryocytes. 

reproducing the acute injurious response seen in inflammation. In 
brief, if there is anj^ denaturation, then that seems to be a natural 
phenomenon occuring in vim and caused by the injured cell at the site 
of inflammation. For the sake of convenience this fraction of exudates 








has been termed “ iiecrosin.” Its presence offers a reasonable explana- 
tion for the pattern of injury in inflammation. Now, if precisely the 
same procedure is repeated Avith non-heraolyzed blood serum, as stated 
above, the injected euglobulin fraction fails to display an acute inflam- 
matory reaction Avith superficial necrosis, and the lymphatics remain 
unoccluded. 

The first morphologic evidence of injury as elicited by necrosin is a 
SAvelling of the collagenous bundles. This may be found 10 minutes 
after intracutaneous injection of necrosin. No such effect appears 
upon the introduction of the euglobulin fraction obtained from normal 
blood serum. 

Necrosin is absent in blood serum, but it is found present in the 
serum of an animal with a concomitant acute inflammation. Such 
evidence indicates that the active principle probably penetrates from 
the site of injury into the circulating blood stream. These observa- 
tions suggest that a so-called focus of infection may indeed have far- 
reaching effects by liberating necrosin, Avhich in turn penetrates into 
the circulation. 

For this reason, obserA^ations w^ere recorded on the effect of necrosin 
AA’hen introduced directly into the circulation. The animal may at 
first be prostrated. It may haA'^e symptoms of diarrhea and of Ammit- 
ing; and, in general, the dog presents a very apathetic and listless 
appearance. There may be hemorrhage throughout the length of the 
gastro-intestinal tract. A hydrothorax involving both cavities has 
been encountered; but in general the constant features are injury to 
the liver and, very frequentlj’’, to the kidneys. The liver may shoAV 
patchy areas of fatty necrosis AA'hich, on microscopic section, appear 
as heterogenous zones of fat deposits interspersed among foci of leuko- 
cytic infiltration. The picture is not unlike that seen in hepatic focal 
necrosis. Sometimes one encounters areas of severe cellular damage 
in Avhich the cell contents are replaced by a fine stippling AAdiich does 
not take the iron stain. The effect on the kidney is rather striking. 
The lumina of the tubules may shoAv a lining Avith sAvollen, Amcuolated 
cells having irregular contours. Interspersed are seen foci of leuko- 
cytic infiltration. The picture is not dissimilar to and, in fact, is 
reminiscent of a pyelonephritis.® 

Necrosin fails to lower the blood pressure of a cat in contrast to 
histamine. This, however, does not necessarily mean that necrosin 
may not play an important role in traumatic shock as one of the 
actNely participating components of the phenomenon.^® 

There are two other phenomena elicited by necrosin AA'hich I should 
like to discuss before terminating the present paper. In the first 
place, the injection of necrosin in contrast to the LPF induces a leuko- 
penia.i® The blood count may fall to a level of 1000 or 2000 per c.mm. 
Only later the leukopenia may be replaced by a leukocytosis. This 
leukocytosis may well be a secondary phenomenon referable to the 
liberation of the LPF by organs injured in turn by necrosin. This 
observation may prove of real significance, for necrosin is the only 
fraction recoA^ered from exudates AA'hich has been found capable of 
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inducing such a sharp fall in the number of circulating leukocytes. It 
is to be recalled, for instance, in this connection, that the pathologic 
picture of local vascular thrombi and leukopenia encountered in typhoid 
fever is reminiscent of the effects produced by the injection of necrosin. 
One wonders whether a number of clinical conditions with leukopenia 
may not be referable to the liberation of an abundant amount of 
necrosin at the site of inflammation. The finding that necrosin 
induces leukopenia has been utilized in the further purification of 
the LPF from exudates. Recent observations to be subsequently 
reported m extcnso by Major A. Mirsky and the writer, indicate that 
the injury factor in necrosin contains proteolytic activity which can be 
at least partially neutralized by an antiprotease. ^ These facts suggest 
that plerosin is a proteolytic enzyme or that it is at least associated 
in its present state of purification with such an enzyme. On the other 
hand, the pyrogenic factor in the euglobulin fraction of exudate is 
definitely non-proteolytic in activity. 



of the rabbit. 

I'finally, I should like to dwell on the effect induced by necrosin on 
temperature.®-'® Necrosin injected into a dog induces fever. The 
LPF or other protein fractions procured from exudates fail to do so.’® 
The elevation in temperature may be very marked: 3° to 5° F. Of 
late it has been found that the rabbit is extremely susceptible to the 
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effect of necrosin as regards temperature levels (Chart 1). Note that 
the whole exudate (or the dried exudate) induces fever. Necrosin 
reproduces, the same effect. Hemolyzed serum does the same, whereas 
non-hemolyzed serum fails to do so to any appreciable effect. The 
significance of this finding may prove of value in determining the 
immediate factor involved in the onset of fever in malaria. It is 
conceivable tha,t the release of the contents of red eorpuscles into the 
circulation may likewise liberate an abundance of necrosin which in 
turn would be responsible for the pyrogenic effect. The evidences 
which are now being obtained indicate that the rabbit may prove to be 
a very suitable test animal for the determination of necrosin in various 
body fluids. Studies are now under way to determine the factor in 
necrosin which is responsible for the production of fever. This latter 
seems to be referable to a highly heat-stable component in contrast to 
the labile injury factor in necrosin. Studies are also in progress in an 
endeavor to determine if this substance acts by stimulation of the heat 
centers. In brief, sufficient material has been advanced in the present 
discussion to indicate that necrosin liberated at the site of injury in 
turn by penetrating into the circulating blood stream may well be 
responsible for the primary mechanism of fever production accompany- 
ing inflammatory processes. 

Conclusion. Injured .cells as encountered in inflammation display a 
wholly different chemistry than normal cells. By releasing various 
common denominators such as leukotaxine, the LPF, necrosin, glu- 
cose,^- even possibly urea,^- the cell in turn initially injured by any 
sort of irritant, be it viable or non-viable, reasonably accounts by an 
altered chemistry for the stereotyped reaction of inflammation. 

Further studies on the purification of the leukocytosis-promoting 
factor from inflammatory exudates yield by a somewhat simplified 
procedure, a potent biologic fraction. The substance affects both 
cellular growth response in the bone marrow and the number of cir- 
culating leukocytes. A leukocytosis ensues in the blood stream, and 
a hyperplastic response on the part of granulocytes and megakaryo- 
cytes is encountered in the bone marrow following the intraA’^ascular 
injection of this substance. • . , - , , ' ' 

Necrosin, associated with the euglobulin fraction, of exudates may 
consist of several distinct components. Two of these are particularly 
striking. One is concerned with cellular injury, haying proteolytic 
enzymatic activity, while another is pyrogenic in effect. Further 
studies are being conducted to determine the nature of these two 
components. The rabbit is found to be a good test animal for the 
determination of necrosin in various body fluids by its susceptibility 
in developing fever. The studies strongly suggest that the primary 
mechanism of fever associated with inflammatory processes may be 
referable to the absorption into the circulation of- the pyrogenic com- 
ponent of necrosin. 

REFERENCES 

1. Mekkin, V.; Dynamics of Inflammation, New York, Macmillan, 1940. 

2. Menkik, V.-. .1. Exp. Med.. ST, 129, 1938. 

3. Menkin, V.; J. Exp. Med., 67, 145, 103S, 



SILVERMAN, POWELL: STUDIES ON PALMAR SWEATING 297 


4. Menkin, V.: Am. J. Path., 16, 13, 1940. 

5. Menkin, V.: Arch. Path., 30, 363, 1940. 

6. Menkin, V., and Kadish, M. A.; Arch. Path., 33, 193, 1942. 

7. Menkin, V., Kadish, M. A., and Sommers, S. C.; Arch. Path., 33, 188, 1942. 

8. Menkin, V.: Am. J. Path., 19, 1021, 1943. 

9. Menkin, V.: Arch. Path., 36, 269, 1943. 

10. Menkin, V.: Proc. Soc. Exp. Biol, and Med., 54, 184, 1943. 

11. Menkin, V.; Am. J. Physiol., 134, 517, 1941. 

12. Menkin, V.: Am. J. Physiol., 138, 396, 1943. 

13. Robertson, D, H., and Fox, J. P.; J. Exp. Med., 69, 229, 1939. 


STUDIES ON PALMAR SWEATING*! 

Bv Capt. Jacob J. Silverman, M.C., A.U.S. 

AND 

Lieut. Col. Vernon E. Powell, M.C., A.U.S. 

(From the Kennedy General Hospital, Memphis, Tenn.) . 

Part I. A Technique for the Study of Palmar Sweating 

Studies dealing with, the sweat mechanism are usually handicapped 
by complicated techniques. A complete review of the many methods 
to measure sweat is given by Kuno.^® Depending upon the amount 
and type of perspiration to be studied the following techniques have 
been used in the past: (1) Respiratory chamber; (2) balances for the 
measurement of body weight; (3) measurement of the whole body 
surface, such as enclosing the body in a rubber bag; (4) measurement 
of one limb or a small area of the skin by enclosing the part and intro- 
ducing dry air current and collecting the moisture; (5) direct observa- 
tion of sweat drops by means of a skin microscope;, (6) capillary tube 
method by inserting a capillary tube directly into a sweat duct; (7) 
testing for chlorides; (8) collecting the sweat directly such as with a 
blotting paper; (9) utilizing a galvanometer hook-up and studying the 
galvanic skin reaction; (10) colorimetric methods. 

Colorimetric methods are most widely used in clinical medicine 
today, and the most popular one is the technique devised by. Minor.’® 
This method depends upon the color reaction produced by the inter- 
action of iodine and starch in the presence of moisture. Guttmann® 
used chinazarin as a base and obtained more satisfactory results. In 
the presence of sweat, a dark stain is produced and, depending upon 
the extent and intensity, the degree of sweating may be graded. Roth’® 
applied cobalt directly to the part to be tested, and in the presence of 
sweat the blue color faded. These methods, however, are not always 
reliable, since tlie color reaction may be modified bj’- the humidity. 
Another disadvantage is that, unless photographs are taken, the records 
obtained lack permanency. 

To overcome these objections a colorimetric technique for measuring 

! Brigadier General Royal Reynolds, Kennedy General Hospital, encouraged the 
writing of this paper. Lieut. Morris Kaslow gave technical assistance. 

t No objection tO publication, Bureau of Public Relations, War Department, Wash- 
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palmar sweating^” of the palm and finger tips has been devised. This 
method has the following advantages: 

1. Availability. The materials to be used are not critical and can 
be obtained at any modern pharmacy. The only chemicals used are 
alcohol, tannic acid or potassium ferrocyanide, and ferric chloride. 

2. Economy. Over 1000 tests can be done at less than 8.75. 

3. Objectivity. Over 4000 tests have been graded by different 
observers and there is remarkable agreement in the classification. The 
test is a qualitative and quantitative measure of sweat. 

4. Practicability. The test requires no elaborate equipment, leaves 
practically no stain, is easy to perform and with experience more than 
25 examinations can be done in 1 hour. 

5. Permanency. The records obtained are stable, not affected by 
humidity and can be used as part of a clinical record such as a roent- 
genogram or an electrocardiogram. 

Method. The method now described depends upon' the interaction of a 
chemicallj’’ treated paper with sweat containing a reacting salt. 

(a) Preparation of Paper. A 5% solution of tannic acid is prepared in dis- 
tilled water, ffltered and poured in a flat-bottom glass dish. Ordinary mimeo- 
graph paper is used and is allowed to soak in this solution for approximately 
3 minutes. Metal containers are avoided. The paper is then dried and cut to 
desired dimensions. Where tannic acid is not available, a 5% solution of 
potassium ferrocyanide is used. The latter solution has the disadvantage of 
being less stable. 

(b) Preparation of the Salt. Ordinarj' U.S.P. tincture of ferric chloride is 

diluted 1 part with 3 parts of alcohol, thus making a 25% solution. This 
preparation is stored in a well-stoppered, light-proof bottle. . 

(c) Technique of Application. ,The part to be tested is first thoroughly dried 
with an ordinary hair blower or an electric fan. A liberal amount of the pre- 
pared solution of ferric chloride is then evenly applied to the area with an 
ordinarj" cotton-tipped wooden applicator. The area is then dried thoroughly, 
and immediately thereafter contact is made between the chemically treated 
paper and the part to be tested. Contact is maintained for exactly 3 minutes. 
The procedure is explained to the patient before the test and it is advisable to 
have the patient in a comfortable position. For the study of palmar sweating 
the patient is seated beside a table with the forearm resting completely and 
evenly on its top, 

(d) Chemical Reaction. The arrangement of the active sweat glands is 
portrayed upon the chemically treated paper. Sweat is approximately 99% 
water, and will carry with it in solution the readily soluble ferric chloride. The 
size and intensity of the pattern is directly proportional to the amount of 
sweat excreted. In the tannic acid technique the tannic acid reacts with iron 
to foim a stain on the paper ranging between grey-blue and blue-black. The 
combination of tannic acid and iron salts is used commercially in the prepara- 
tion of writing inks. When potassium ferrocyanide is used, the interaction 
with ferric chloride leaves a blue stain. This is the familiar Prussian blue 
reaction. 

(e) Interpretation of Results. Using the tannic acid technique, the prints 
obtained on the paper fall into 4 categories; (0) or faint response; (1) or moder- 
ate response; (2) or strong response; and (3) or intense response. A (fl) or 
faint response is characterized by fine, pin-point scattered dots, faintly grey 
in color. A (1) or moderate response is characterized by thicker dots and 
darker in shade. These dots are more numerous and begin to take on a linear 
pattern. A (2) or strong response is characterized by black speckles arranged 
in different sizes and occasionallj- appear confluent. A 03) or intense resiionse 
shows diffuse blackening Avith thick blotches. In the potassium ferrocyanide 


technique the results are analogous except that the end-points are blue. Exam- 
ples of the prints using the tannic acid technique are shown (Fig. 1) . 
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Fig. 1. — Classification ot the sweat response as seen in the palmar aspect of the fingers. 


Part n. The Significance of Palmar Sweating 

Sweating of the body occurs under diverse conditions. Its thermo- 
regulatory function is well knowm. That temperature control of the 
body is not the sole function of sweating has now been well established. 
For the purpose of classification, sweating may be conveniently divided 
into the following headings, recognizing that they include mechanisms, 
localities and etiologic concepts. 

1. Thermo-regulatory. This type is most important in that it con- 
trols body temperature. . It is partly because of this function that man 
is able to inhabit the various zones' of the wmrld. It has been shown'® 
that in this t 5 ''pe of sweating the sweat glands over the entire body 
surface except those of the palms and soles take part. 

2. Excretory. Qualitatively sweat is similar to urine but only under 
unusual pathologic conditions, such as in uremia, ivill anj'^ significant 
urinary component be excreted. During exercise, however, there is an 
increase of lactic acid in sweat. Svreat contains approximately 99% 
water and is, therefore, the most dilute of animal fluids. Its most 


important solid constituent is sodium chloride, and during excessive 
sweating hypochloremia may result. Water-soluble vitamins are also 
found in sweat. 

3. Drugs. Coal tar products produce sweating; their action is 
central. Autonomic stimulating drugs such as acetycholine and pilo- 
carpine produce sweating by a peripheral action. The pharmacologic 
mechanism in sweating will be discussed below. 

4. Axillary. The sweat glands in the axilla are fully developed at 
puberty and actively secrete under both emotional and thermal stimuli. 
According to Kuno*^ the discharge of sweat from the axilla carries with 
it a characteristic scent which is considered to be of sexual significance. 

5. Gustatory. Ingestion of spicy foods evokes sweat on the face, 
and is an example of a cranial parasympathetic response. The signifi- 
cance of this type of sweating is not clear. 

6. Spinal Reflex. This type of sweating occurs in the transverse 
sjmdrome of the spinal cord, and is seen only in pathologic conditions. 

7. Emotional. Emotional, intellectual and sensory stimuli will cause 
a type of sweating involving palms, soles and axillae. This type of 
sweating is the main topic of this paper and is seen in both physiologic 
and disturbed states. 

Normally emotional sweating is commonly seen in states of anticipa- 
tion and has sometimes been referred to as anticipatory sweating. A 
student before an examination, an expectant father before the delivery 
of his child, or a draftee waiting for his number will show sweating, 
particularly of the palms. The relationship of emotions to sweating 
was noted by Sanctorius^^ in 1614, when the first scientific studies on 
perspiration were performed. Sanctorius shrewdly observed: “a body 
which is at rest whilst the mind is violently agitated has a stronger 
perspiration and less weight than a body that is strongly moved whilst 
the mind is at rest.” Interestingly, Hermann and Luchsinger'® in 1878 
referred to the profuse sweating of the foot pads of cats as “Angst- 
schweiss.” The relationship of palmar sweating to emotional stress or 
strain has expression in many fields of human endeavor. A baseball 
player will moisten the palm of his glove or hand with saliva in anticipa- 
tion of a play. A woodman performs a similar act when he is about to 
grip his axe. As Kuno^® points out, moistening the palms is a physio- 
logic property and does not have an ethnologic distribution. The 
expression “spitting on the palm” is found in many languages, and in 
the Chinese and Japanese languages the expression conveys a meaning 
of physical and mental stress. 

The relationship of sweating to mental and emotional stimuli indi- 
cates a cortical control. BechtereW^ in 1905 demonstrated that stim- 
ulation of a localized area of the cortex evoked sweating. Bieber and 
Fulton® indicated that this area (area 6 of Brodman) was also important 
in the grasp reflex. Kennard, Viets and Fulton^® showed on clinical 
grounds that pathologic lesions in this area produced impairment of 
skilled movements, forced grasping, vasomotor changes and sweating. 
Rabiner^® found that patients with so-called autonomic imbalance 
without any demonstrable organic disorder showed reflex grasping 



when in a state of panic. That the cortex is not the only pathway in 
sweating is suggested by the work of Wang, Pan and Lu.^^ These 
investigators demonstrated that following section of the brain above 
the level of the hypothalamus, a sweat response could be obtained by 
faradic stimulation of afferent nerves. The relationship between 
sweating and parasympathetic centers in the diencephalon was noted 
by Cushing,'^ who observed profuse sweats, vomiting and vasomotor 
changes after injections of pilocarpine and pituitrin in the region of the 
interbrain. Cushing looked upon the interbrain as a “station for 
vegetative impulses easily affected by psychic impulses,” and suggested 
that conditions might conceivably arise whereby hormones discharged 
in sufficient strength would call forth a parasympathetic response. 

On anatomic grounds it has been established that the sweat fibers 
originate from the cells of the lateral horn of the spinal column and 
travel along the sympathetic trunk. Extirpation of the sympathetic 
fibers supplying the lower extremity causes anhydrosis of most of the 
lower extremity. These sweat fibers along with the other sympathetic 
components are contained in the peripheral nerves. Stimulation of the 
sciatic nerve of the cat, for example, will produce sweating of the foot 
pads. Severing a peripheral nerve will leave its innervated part 
anhydrotic. 

Although sweating on anatomic grounds travels along a sympathetic 
pathway, pharmacologically it behaves as a parasympathetic mechan- 
ism. Pilocarpine, physostigmine, and acetylcholine will stimulate 
sweating; atropine will inhibit it. Epinephrine, a powerful sympathetic 
stimulator, does not cause sweating in man. Ergotoxin, which is a 
S5"mpathetic inhibitor, has practically no affect on sweating. Dale and 
Feldberg® showed that a sympathetic nerve may carry postganglionic 
fibers which are cholinergic. They obtained from the venous effluent 
of the hind foot of a cat, after sciatic stimulation, an acetylcholine-like 
substance. 

That sweating, a parasympathetic response, occurs in states of 
increased sympathetic activity may at first seem confusing. “Breaking 
out in a cold sweat” is a common expression. This confusion may 
result from the arbitrary separation of the autonomic system into the 
parasympathetic and sympathetic divisions. This separation implies 
a reciprocity of action. According to Cannon® during emotional crises, 
such as in fright and rage, the sjonpathetic system tends to discharge 
en masse. It does not mean, however, that the parasympathetic 
system is inactive or inhibited. Gellhorn® has recently shown that 
emotional excitement evokes a stimulation of both branches of the 
autonomic nervous system, although under normal conditions the 
sjTnpatlietic system predominates. The principle of reciprocal innerva- 
tion of both divisions of the autonomic nervous system is also not borne 
out on clinical grounds. It is practically impossible to find a pure 
example of vagotonia or sympathotonia. Thus a vagotonic individual 
may have a slow pulse but wide pupils. In hyperthyroidism there 
may be a rapid pulse, exophthalmus, and hyperglycemia; yet these 
patients often complain of diarrhea and moist palms. 



It lias not been sufficientlj'^ well appreciated that sweating of the 
palms differs from sweating on the general body surface. Anatomically, 
there are more sweat glands per square area in the palm tlian anywhere 
else in the body. Krause" found twice as nian.>- sweat glands jier s(/uare 





Fig. 2 . — Swo.it response of tlie dor.stim of tlic liand in .a patient witii netiro-circulatory 

astlionia. Compare with Fig. 4. 
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area on the palm as on the dorsal aspect of the hand, 4 times as many as 
on the chest, and over 5 times as many as on the back and buttock. 
The sweat glands on the palm are arranged in linear fashion on ridges. 
These ridges assume a characteristic pattern and are arranged in such 
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a way as to assure maximum grasping and tactile facility Function- 
ally, the amount of perspiration on the palm is from 5 to 10 times as 
great as that of the general body surfaced® Studied microscopically^^ 
the secretion of sweat on the palm and sole takes place continuously, 
whereas it is intermittent on the general body surface. Moreover, 
palmar sweating differs from that of the general body surface in that 
under ordinary conditions it is not influenced by outside temperatures.^^ 


Fig. 4.— An example of excessive palmar siveatinR seen in a patient with iicuro-circulatoi-y 

asthenia. 



Exposure of the body to a high temperature does not augment sweating 
of the palms. Experimentally it can be demonstrated that palmar 
sweating may be evoked by mental stimuli.'^ For instance, problems 
in simple arithmetic will cause a distinct and measurable increase in 
sweat confined to the palms and soles. In a relaxed state, such as in 
sleep, the palms are characteristically dry. Finally, the palm is one of 
the few places where pmtional sweating takes place, and is peculiarly 
an indicator of emotional disturbances. In anxiety neurosis, where 
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autonomic phenomena are frequent, excessive sweating of the palms 
is seen*^ (Figs. 2 and 4). 

By utilizing the galvanic skin reflex, palmar sweating has been 
studied extensively. A complete review of the subject has been given 
by Darrow.^ However, the galvanic skin reflex study requires a com- 
plicated apparatus. Also, the apparatus used is not generally available 
to physicians, and is subject to technical errors. 

To overcome these objections a colorimetric technique using im- 
pregnated paper was devised. A study of tlie palmar sweat response 
was made in over 1100 patients in an Army General Hospital™ (Fig. 3). 
It was observed that a high percentage of these patients showed mani- 
festations of a disturbed autonomic nervous system, one of the striking 
features of which was excessive palmar sweating. Approximately 25% 
of the patients showed a (3) response, and over 80% showed a com- 
bined (2) and (3) response. Invariably, in those patients who showed 
a (3) or intense response, evidence of emotional strain or a disturbance 
of the autonomic nervous system Avas present. These patients made 
poor soldiers and v^ere hospitalized frequently. It is anticipated in the 
near future to study palmar sweating in well seasoned troops. 

The clinical observation of excessive palmar sweating is not new. 
DaCosta® in 1871 in his classical paper on the “irritable heart” stated: 
“But there was also evidence of disorder of the sjunpatlietic nervous 
system as shown in the itching of the skin and excessive perspiration 
from which many suffered. Inordinate sweating of the hand was 
several times complained of (as in case 159).” It is interesting to note 
that DaCIosta advised the use of atropine which has later been shown 
to be a powerful antiparasympathetic drug. In an analysis of 200 cases 
of DaCosta syndrome. Wood™ in 1941 found visible sweat on tlie palms 
in 67 % of the patients. It is now generally agreed that in this disorder 
there are emotional disturbances as Avell as disturbances of the vegeta- 
tive nervous system. Palmar sweating is merely one expression of 
these changes. Palmar sweating is such a constant and striking 
feature of neuro-eirculatory asthenia that its presence should always 
be looked for as a point in diagnosis (Fig. 4). 

Summary. 1 . A test for the palmar sweat response has been devised 
which has several advantages over other methods preAuously used. 

2. Various kinds of sweating are discussed. 

3. The palmar sAveat response was obserA'^ed in more than 1100 
patients and the clinical significance discussed. ' 

4. Palmar SAA^eating is unique and dift'ers from general body SAA-eating 
on anatomic and physiologic grounds. It attains special significance 
when it is looked upon as a cholinergic phenomenon related particularly 
to emotional actiAuties. 
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For the past 11| years the Congo red test has been used at our 
institution as a diagnostic aid in determining the presence of general- 
ized amyloidosis. During this time the technique introduced by 
Bennliold^ has been twice modified, first by Friedman and Auerbacli,® 
and later by Taran.® The method used by the latter author has been 
adopted by the committee of Standard Laboratory Procedure of the 
American Trudeau Society.^ 

In this period there were 468 persons who at autopsy revealed vary- 
ing degrees of amyloidosis. The etiologic factor in the production of 
amyloidosis was chronic pulmonary tuberculosis in all but 7 cases. 
Of the latter, 5 had lung abscesses, 1 bronchiectasis and 1 syphilis. Two 
hundred and forty-six of these had Congo red tests performed before 
death. With this opportunity to compare the results of the Congo red 
test with the findings at autopsy, evidence was accumulated to evaluate 
the test, to attempt to find the cause for false results, to study the 
effect of repeated Congo red tests in tlie same patient, and to deter- 
mine if excretion of the dye in the urine is of aid in the diagnosis of the 
amyloid nephrotic syndrome. 

Material. This studj' is based upon 446 autops 3 ’’ cases in which Congo red 
tests were performed during life. Two hundred and forty-six revealed amj'- 
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loidosis of varying degrees at autopsy; the remaining 200 were consecutive 
cases in which no amyloidosis was found in any of the organs. 

There were 416 Congo red tests done on the 246 patients with amyloidosis 
(1.7 tests per patient) ; while there were 233 tests performed on the 200 patients 
without amyloidosis (1.2 tests ])er ])aticnt). Tlie higher jiercentage of tests 
performed in the former gi'oup is explained by two factors: (1) when the 
Congo red test resulted in a 100% absorption, as was the case in most indi- 
viduals with amyloidosis, it provoked repetition of the test for verification; 
(2) the persons with amyloidosis in 'general had a longer duration of the pul- 
monary disease and, therefore, there was greater opportunity to repeat the test. 

'We'’ have previously established the standard that 90 or 100% absorption 
of the Congo red dye is to be considered a positive result. Harmon and 
Kernwein’’ prefer to make a diagnosis of amyloidosis only when the dye is 
completely removed from the blood after an hour (100%). 

Comparison of Congo Red Test and Autopsy Findings Shoiving Amy- 
loidosis. In Table 1 (A) tlie figures representing the percentage of 
Congo red absorption are based on tire last test done during life, except 
for the 100% determinations. In the latter the first 100% determina- 
tion is recorded. 

In those cases with insufficient dye in the first specimen, the result 
is recorded as 100% absorption (14 cases). All of these patients at 
autopsy showed marked amyloidosis in at least 1 organ, and in 12 
the liver parenchyma was almost completely replaced by amyloid. 
Therefore, the insufficient dye in the first specimen was probably not 
due to any “errors,” discussed below, but rather due to the rapid 
absorption of the dye by parenchymal amyloid before the first (stand- 
ard) specimen of blood was procured. The fact that most patients 
with marked amyloidosis at autopsy showed Congo red tests of insuffi- 
cient dye alternating "with 100% absorption on subsequent examina- 
tions supports this contention. 

In 25 of 103 cases (24.3%) in Avhich the test was performed 2 montlis 
or less before death, there was less than 90% absorption of the dye. 
This represents a false negative result. 

In 86 of the entire group of 246 cases there was less tlian 90% 
absorption, a false negative diagnosis of 30.9%. Since, however, in 
many the amyloid was probably deposited after tlie test was performed, 
all the false negative results cannot be attributed to defects in the test. 

Comparison of Congo Red Test and Autopsy Findings Showing no 
Amyloidosis. In Table 1 (B) the figures representing the percentage 
of Congo red absorption are based on tlie last test done during life. 
In all instances the test was performed 6 montlis or less before death. 
In those cases with insufficient dye in the first specimen, tlie test is 
recorded as 100% absorption (8 cases). The insufficient dye was prob- 
ably due to one or more of the technical “errors” listed below, since 
repetition of the test, unlike the repetition in the amyloid group, failed 
to reveal 100% absorption. 

Five of 119 cases in which the Congo red test was done 2 months or 
less before death showed 90 to 100% absorption, a false positive result 
of 4.2%. Thirteen of 200 cases in which the Congo red test was per- 
formed 6 months or less before death showed 90 to 100% absorption, 
a false positive result of 6.5%. 
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It is possible that a 100 % absorption reported 5 to 6 months before 
death may represent small amounts of amyloid that resorbed prior to 
death. We do not have sufficient data to confirm this point. 


Table 1. — Per Cent Absorption op Congo Red in Amyloid and Non-amyloid Cases 


Interval before 
death 

39% or 40 to 
less 49% 

A. Amyloid 

50 to 60 to 
59% 69% 

70 to 
79% 

80 to 
89% 

90 to 
99% 

100% 

Total 

2 wks. or less 

. . 1 

0 

1 

3 

0 

0 

2 

23 

30 

3-4 wks. . 

. . 1 

1 

3 

3 

2 

2 

3 

17 

32 

5-8 wks. . 

. . 0 

1 

1 

4 

1 

1 

5 

28 

41 

2|-4 mos. . 

. . 5 

4 

6 

2 

0 

0 

1 

19 

37 

5-6 mos. . 

. . 3 

4 

1 

0 

3 

1 

5 

9 

26 

7-12 mos. . 

. . 3 

5 

5 

2 

0 

0 

0 

18 

33 

12 mos.-2 yrs. 

. . 3 

2 

2 

2 

1 

1 

1 

14 

26 

Over 2 yrs. 

. . 0 

0 

2 

2 

1 

1 

1 

14 

21 

2 wks. or less 

. . 7 

B. Non-amyloid 
4 10 6 

8 

2 

, 1 

3 

41 

3-4 wks. , 

. . 12 

1 

12 

4 

4 

2 

0 

0 

35 

5-8 wks. . 

. . 13 

3 

11 

7 

7 

1 

0 

1 

43 

21-4 mos. 

. . 9 

8 

14 

8 

6 

3 

0 

2 

50 

5-6 mos. . 

. . 10 

1 

4 

7 

2 

1 

3 

3 

31 


Table 2.— Changes in Per Cent Absorption in Repeated Tests 


Interval between 
tests 
4 wks. or less 
6 wks. 

8-10 wks. 

12 wks. . 

4 mos. . • . 

5 mos. . . . 

6 mos. . . . 


No change 


90 to Below 
100% 99% 90% 

6 1 0 

4 0 0 

3 0 1 

3 0 1 

4 0 2 

8 0 0 

3 0 0 


Less absorptions 


90% 100 to 

to 10 to below Below 
below 90% 90% 90% 
0 0 10 

0 0*0 1 

10 0 0 

0 0 0 0 

110 0 
0 10 0 

0 0 0 1 


Greater absorption 


Below Below 

90 to 90 to 90 to Below 
90% 100% 100% 90% 
0 110 
0 0 0 0 

0 12 1 

110 0 
0 0 10 

10 0 1 

0 14 2 


Sources of Error. The results of the Congo red test (Table 1) show 
that there are many more false negative than false positive reports. 
The possible sources of error may be either technical or physiologic. 
In general the technical errors are dependent upon whether or not the 
first (standard) specimen is too light or too dark. If too dark, the test 
may be falsely negative, when there are only small amounts of amyloid 
in the tissues. In this case, there is not sufficient absorption of dye 
to alter appreciably the highly concentrated standard. If the first 
specimen is too light the test may be either wrongly negative or positive, 
usually the latter. 

The first specimen may be too dark, if the patient is markedly under- 
sized (children and emaciated adults) (Taran and Eckstein^), or if the 
same syringe is used for securing the first specimen as was used to 
inject the dye. The first specimen may be too light, if the patient is 
markedly oversized; if the dye is injected partially into the tissues or 
varying amounts are left in the spinge; or if the first specimen is taken 
longer than 4 minutes after the injection of the dye. 

In those cases in which the technical errors have been eliminated, 
physiologic factors may explain the erroneous results. The test is not 
sufficiently delicate to detect minimal amounts of amyloid. In none 
of our cases did we obtain a positive result where there were small 



308 


STEMMEUMAN, AUERBACH; 


amounts in the spleen alone with or without involvement of the blood- 
vessels of the liver; and in only a few cases where there were moderate 
amounts in the spleen. This constituted the source of error in 75% 
of our false negative results. If the dye is excreted unduly rapidly 
into the urine before the second specimen is procured, there may be a 
false impression of absorption. 

If the amyloid is absorbed during the interval between 2 tests there 
may be an apparent erroneous report. In our series there were 7 cases 
in which this might have been a possibility. Since, however, at 
necropsy we found no evidence that amyloid was or ever had been 
present in the tissues, we have listed this as a false positive result. 

Repetiiio7i of the Congo Red Test. It has been assumed previously 
that a Congo red test, repeated soon after the first, was valueless, 
since the amyloid in the tissues having already taken up the dye from 
the first test would not be prepared to absorb that from the second, 
unless additional new amjdoid were laid down during the interval 
period. It has been more or less arbitrarily stated that there should 
be an interval of at least 3 months between tests. There were 24 repeat 
tests done at intervals of less than 3 months (Table 2). In:21 of these 
the absorption remained at the same level or showed increased absorp- 
tion. There were 15 repeat tests at intervals of 6 weeks or less, in 
13 of which the absorption was unchanged or increased. There were 
10 tests repeated within 4 weeks, of which 9 tests were unchanged or 
increased. 

The 3 cases in the entire group of 24 which showed diminished 
absorption when the test was repeated in less than 3 months were as 
follows; (1) A test which showed 100% absorption originally dropped 
to 75% when the test was repeated after 4 days. It returned again 
to 100% after a 10 month interval. (2) A test repeated in 6 weeks 
showed a drop from 55% to 40%. Wien the test was repeated 8| 
months later it revealed a 95% absorption. (3) The test repeated 
after 2| months showed a drop from 90 to 60%. Since death occurred 
2 years after the last test, amyloid may not have been present when 
either of the tests was performed. 

In the group of non-amyloids with 20 repeat tests, a false positive 
result was never found twice on the same patient, with 1 exception. 
This person had 4 tests at about monthly intervals as follows; 100%, 
50%. 100%, 10%. _ 

Although the series of 44 cases is small, it may be concluded that 
the Congo red test can be repeated in 4 weeks or more, and reasonably 
safely in 2 weeks. Repeated tests will weed out the false positives, 
since in a true amyloid once 100% absorption always 100%. In the 
non-amyloids this is unlikely. 

Excretion of Amyloid in the Urine. The urine was tested for the 
excretion of Congo red within 1 hour after injection in about 75% of 
all the cases. Normally the dye is ultimately excreted in the urine, 
but it is only in the presence of renal tubular damage that it is excreted 
within the first hour (Harmon and Ivernwein^). In only 1 non-aniy- 
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loid case was there such excretion, the absorption being 45%. This 
patient had a nephrotic syndrome, which was not, however, on an 
amyloid basis. 

In 13 of the amyloid cases there was an excretion in the urine. In 
1 of these, 2 of 6 tests showed excretion of the dye. In 5 of the 13, 
the second or third tests failed to reveal excretion. In 11 cases there 
was evidence of renal damage with large amounts of albumin, casts, 
red blood cells and white blood cells in the urine and slight to marked 
edema present at the time the test was performed. In all but 2 in- 
stances the test revealed 100% absorption, not only on this but on 
subsequent or previous tests. 

At autopsy it was found that 5 cases died of uremia and 6 of pro- 
gressive pulmonary tuberculosis with clinical and pathologic signs of 
pre-uremia. In 77 cases, in addition to these 11, there were well- 
marked nephrotic syndromes, and tlie patients ultimately succumbed 
in uremia and pre-uremia. In none of these was there excretion of the 
dye. 

In 2 cases there was no evidence of renal disturbance, either clini- 
cally or pathologically, either at the time that the test was done or at 
autopsy 10 or 14 months later. The tests both showed 50 % absorption. 

Therefore, while the dye may be excreted in nephrotic syndromes, 
it is apparently adequately withheld by the kidney when the nephrosis 
is on an arnyloid basis. A low renal threshold for that particular 
substance may be the explanation why, without any- renal pathology, 
the dye is excreted. 

Conclusions. The results of 649 Congo red tests for amyloidosis 
performed on 446 patients have been reviewed in order to evaluate the 
test and to determine the sources of error. It has proved to be a valu- 
able procedure, in spite of a certain proportion of erroneous results, 
which in our series has been calculated as 24.3% false negatives and 
4.2% false positives. 

The sources of error have been enumerated. The presence of only 
minimal amounts of amyloid is the principal reason for false negative 
results, while technical errors are probably the chief cause of false 
positive reports. The latter may be eliminated by repetition of the 
test at an appropriate interval, which we have shown should be 1 month 
or more. 

The determination of the presence of Congo red in the urine within 
1 hour after injection of the dye has been of little value in the diagno- 
sis of amyloid nephrosis. 
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The increase of urinary creatine in many cases of exophthalmic 
goiter was first reported by Shaffer'^ in 1907. He found it in 8 of 
12 cases studied. In 1931 Kepler and Boothby® summarized the litera- 
ture to that time on creatinuria in hyperthyroidism and reported that 
in exophthalmic goiter the incidence of creatinuria was 61%, in 
adenomatous goiter with hyperthyroidism 63%, while in their control 
groups it Avas only 9% among males and 23% among females. They 
concluded that creatinuria could be considered a “fairly common and 
characteristic phenomenon of hyperthyroidism.” Palrner® showed 
that in those cases of hjqperthyroidism in which the creatine content 
of the urine was increased definitely, the creatinuria decreased after 
the administration of iodine. Richardson and Shorr,®’*® who have 
felt, contrary to the conclusions of many other workers, that urinary 
excretion of creatine could be used as a clinical sign of value in hj^per- 
thj’Toidism, recommended a creatine tolerance test in addition to 
determinations of spontaneous excretion of creatine as giving a still 
more accurate method of indicating the correlation with hyperthyroid- 
ism. Thorn,^® using Richardson and Shorr’s method of performing 
the creatine tolerance test, with a slight modification, reported a high 
degree of correlation between the results of this test and hyperthyroid- 
ism; but Sohval, King and Reiner, using Richardson and Shorr’s 
method, reported findings which did not confirm these results. They, 
therefore, doubted the clinical value of the test. In 1939 Wang*® 
reviewed completely the subject of creatine metabolism and reported 
additional clinical and experimental investigations. Wang concluded 
that in hyperthyroidism the urinary excretion of creatine usually is 
increased, but that this is not definite nor specific enough to be of 
value clinically. 

Two facts are generally recognized; (1) that most normal adults, 
especially men, do not excrete significant amounts of creatine in their 
urine, and (2) that increased creatinuria occurs in several conditions 
other than hyperthyroidism such as the muscular dj’strophies, acute 
anterior poliomyelitis, febrile states, the postpartum state, and so forth. 

Recently, Tierney and Peters,*'* using a new sensitive method em- 
ploying the photo-electric colorimeter, correlated the levels of creatine 
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ill tile blood serum with, those in the urine of normal adults and of 
hyperthyroid patients. They found that creatine acted like a threshold 
substanre, appearing in the urine whenever the blood level exceeded 
0.58 mg. jier 100 ce. They also performed creatine toleranee tests and 
determined that, after the ingestion of creatine, the usually high serum 
creatine and the creatinuria of the patient who had hyperthyroidism 
were increased more proportionately than those of the normal adult. 

That an increase in the basal metabolic rate occurs in many cases of 
essential hypertension has been observed by many workers in the past 
20 years. Furthermore, in spite of the increased metabolism and some 
rather marked resemblance of sjonptoms at times to hyperthyroidism, 
many of these patients have been demonstrated not to have hjqier- 
thyroidism. 

Mountain, Allen and Haines’ analyzed 827 cases of essential hyper- 
tension from the Mayo Clinic from the standpoint of the basal metab- 
olism and thyroid status. They reported a basal metabolic rate 
greater than -f 15% in 7% of the cases of hypertension in Groups 1 
and 2, in 12% of the cases of hypertension in Group 3, and in 27% of 
cases in Group 4.* They felt that the elevated basal metabolic rate, 
found in many cases of hypertension was not dependent on a disturb- 
ance in thyroid function. 

From the standpoint of circulatory dynamics, Weiss’® has pointed 
out that the pulse rate, velocity and amount of blood flow are not 
increased in proportion to the metabolism in cases of arterial hyperten- 
sion and increased metabolism, in contrast to the picture in the usual 
case of hyperthyroidism. 

Crile and McCullagh® reported on levels of iodine in the blood in 
cases of essential hypertension and increased metabolism without 
hyperthyroidism. Levels of iodine in the blood in 11 such cases were 
normal in 5, slightly elevated in 3, and abnormally high in 3. Curtis,^ 
however, showed that in hypertension, even without an elevated basal 
metabolic rate, there was not infrequently an inexplicable increase of 
iodine in the blood. Crile and McCullagh felt that a low level of 
iodine in the blood was nevertheless of value in ruling out hyperthy- 
roidism. 

Practically no determinations of urinary creatine have been reported 
in the literature to date on this specific group of patients who have 
hypertension and an elevateTl metabolic rate but without hyper- 
thyroidism. Wang’® analyzed 7 cases of hypertension, without regard 
to the basal metabolic rates, and found normal elimination of creatine 
in 6 cases and somewhat higli elimination in 1 case. Sohval, King and 
Reiner’" reported no creatinuria in G cases of hypertension, and in 4 of 
these the basal metabolic rate was 4-15% or more. 

* At the clinic, cases of hypertension are divided into 4 groups, depending on the 
severity of the disease.^ The severity of the hypertension is estimated to a large extent 
by the pathologic changes which can be seen in the ocular fundi. In hypertension 
Group 1, the changes in the retinal arterioles are minimal. In Group 2, the arteriolar 
changes are definite, but retinitis is not present. In Group 3, there arc angiospastic 
changes, retinitis and pronounced sclerotic changes in the arterioles. Group 4 is charac- 
terized by edema of the optic disk in addition to the changes that are present in Group 3. 
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The present study was undertaken with a double purpose in mind: 
(1) to reevaluate creatinuria as a sign of hyperthyroidism especially as 
it may help in ruling in or out hyperthyroidism in cases of hypertension 
with elevated basal metabolic rates, and (2) to ascertain if any differ- 
ence occurs in these 2 groups of cases, which, even if not helpful in clini- 
cal differentiation, might serve as supportive evidence to that already 
accumulated that the elevated basal metabolic rate in some cases of 
hj’pertension is on a different basis from that in hyperthyroidism. 

Table 1.— Compabison of Results 

ExcrPtion of creatine in 24 hours 
Less tlinii More than 




90 mp. 


90 to 13', inp. 

135 mg. 

I*atiouts 

PiUiouls 

% 

Patients 

% 

Patients 

% 

Exophtlialmif aoiter 

2fl 

4 

14 

5 

17 

. 20 

09 

Males .... 

17 

4 


3 


10 


Female.'' . , , , 

.•Vdenomatous poiter ^s•jtll 

12 



0 


10 

GO 

hypertliyroifli.sm 

10 

2 

20 

2 

20 . 

0 

Male.s 

4 

1 


2 


1 


Female.5 

Adenomatous poitor without 

0 

1 




5 

17 

hyperthyroidism 

0 

5 

83 

0 


1 

Feinale.s . . 

Hypertension (B.M.R. +15 

0 

5 




1 

17 

per cent or more)* 

IS 

12 

00 

3 

17 

3 

1 

Males .... 

10 

9 





Females . . 

Hypertension (B.M.ll. lo.ss 

s 

3 


3 

29 

1 

0 

than + IS per cent) 

17 

11 

05 

5 

Males 

11 

7 


4 


i 


Females 

0 

4 


1 




Total cases of hypertension 

35 


00 


23 


11 

Total cases of hyperthyroid- 
ism 

39 . 


15 


18 


07 


* Clinically not hyperthyroidism. 

• Material and Methods. In order to make the test as simple and Pra^cal 
as possible, no special dietary restrictions were imposed. In this respe 
data maj’^ be compared to those of Wang,’“ and Brdchner-Mortense 
jM0l]er,i'2 rvhose patients were allowed to receive the regular hospita • 
Samples of urine for 12 or 24 hours were collected as accurately as ’ 

In many instances 2 or 3 successive 24-hour Specimens were obtained, crea i 
was determined according to the method of Folin, after conversion to crratini 
b}' boiling with picric acid solution. The values are calculated on the basis o 
the total output of creatine in 24 hours and are expressed in milligrams. 

Our cases included 29 cases of exophthalmic goiter before any compouno 
solution of iodine (Lugol’s solution) had been given, 10 cases of adenomatous 
goiter with hjTjerthjwoidism, 6 cases of adenomatous goiter without hyper 
t^hjToidi.sm and -35 cases of essential hypertension, in 18 of which the hasa 
metabolic rate was elevated to -}-15% or more. 

The ages of the patients varied as follows: from 17 to 59 3 ’'ears for thos' 
haidng exophthalmic goiters; from 23 to 64 3 'ears for those haw'ng adenomatou 
goiter with or vithout h 3 '-perth 3 Toidism, and from 25 to 63 years for thos 
ha\Tng h 3 ’pertension. 
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In all but 5 of our 2'J patieuis who had exophthalmic goiter, subtotal thy- 
roidectomy was performed at the clinic, and the removed thyroid tissue showed 
on histologic study the confirmatory findings of diffuse parenchymatous 

hypertrophy. . j • i. 

The cases were grouped according to whether the creatme excreted m the 
urine was less than 90 mg. in 24 hours, 90 to 135 mg. in 24 hours, or more than 
135 mg. in 24 hours. 



Fig. 1. — Comparison of basal metabolic rates and urinary e.xcretion of creatine in 
cases of exophthalmic goiter and hypertension. Of the 3 patients having h 5 'pertension 
and basal metabolic rates greater than +15% andtaore than 135 mg, of creatine in the 
urine, 2 were women, aged 40 and 48 years, and 1 was a man, aged 30 years. 


Results. Of the 29 patients who had exophtlialmic goiter, 20 (69%) 
excreted more than 135 mg, of creatine in 24 hours, 5 (17%) excreted 
90 to 135 mg. and 4 (14%) excreted less than 90 mg. Of 10 patients 
AvitJi adenomatous goiter with hyperthyroidism, 6 (60%) excreted 
more than 135 mg. of creatine in 24 hours, 2 (20%) excreted from 
90 to 135 mg. and 2 (20%) excreted less than 90 ing. (Table 1). The 
sex distribution of the patients has been indicated in Table 1. It is 
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seen that the totals were fairly evenly divided between the sexes, but 
that the differences in the results by sex were not large enough for 
any definite conclusions to be drawn on this basis. 

Ot In hyj)er(ensive ])atienls whose basal Jnelabolie ratc.s were +15% 
or more, 12 (0(5%) excreted less than {JO mg. of creatine per 24 hours, 
3 (1 7 %) excreted from 00 to 135 mg. and 3 (17 %) excreted more than 
135 mg. Similarly, of 17 hypertensive patients whose basal metabolic 
rates were le.s.s tlian +15%, 11 (65%) excreted less than 00 mg. of 
creatine per 24 hours, 5 (2{)%) excreted between 00 and 135 mg. and 
1 (6%) e.xcreted more than 135 mg. (Table 1). In these 2 groups of 
hypertensive patients, the excretion of creatine is obviously similar, 
regardless of elevation of the basal metabolic rate. It might be pointed 
out further that, in the eases of hypertension in general, the results 
did not difler much from those which Avould be expected in a random 
group of normal adults of both sexes without hypertension. In Table 1, 
also, the percentage of cases of hyperthyroidism and of hypertension 
in each range of excretion of creatine are presented together for read.>' 
comparison. It is seen that, in the majority of ca.ses of hyperthyroid- 
ism, whether it was associated with exophthalmic goiter or adenoma- 
tous goiter, more than 135 mg. of creatine was e.xcreted in 24 hours; 
Avhereas in the majority of cases of hypertension, either v'ith or without 
an elevation of the basal metabolic rate, less than 90 mg. of creatine 
was excreted in 24 hours. These findings are illustrated in Figure 1 
which shows that although, in general, patients who have exophthalmic 
goiter e.xcrete more creatine than the hypertensive patients with or 
without an ele^•ated basal metabolic rate, there is no direct proportion- 
alitj- between the creatine content of the urine and the basal metabolic 
rate, e\'eii in the h^'pe^thyroid patients considered alone.* The wide 
.scattering of the results, as seen on the graph, limits markedly the value 
of spontaneous creatinuria as a clinical sign in these conditions, but 
these figures certainly are consistent with the opinion that the elevated 
basal metabolism in essential hypertension rests on a different physio- 
logic basis than that in hyperthyroidism. 

Summary. Values for urinary creatine have been determined in cases 
of hyperthyroidism and in cases of essential hypertension ''4^^ 
without an elevated basal metabolic rate. Under the conditions of 
our study the majority of patients "who had hyperthyroidism excreted 
more than 135 mg. of creatine in 24 hours, whereas the majority of 
patients who had essential hypertension even wuth an elevated basal 
metabolism excreted less than 90 mg. of creatine in 24 hours. 

Conclmio^. 1, The wide scattering of the results limited markedly 
le vjdue of spontaneou.s creatinuria as a. clinical sign for ruling hyper- 
i.Nroidism in or out in cases of e.ssential hvpertension with elevated 
basal metaboH.sm. ” 


thp J residts in general tended to substantiate the opinion that 
™®ta^l>olism in essential hj'pertension rested on a 
P jsio ogic basis than that in hvperthyroidism. 

^ Tijj ■ * • • 

Mjtilcr.i.J as well*as others' Kootlihy' .and nr^ohner-Mortensen and 
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THE EFFECT OF CALCIUM PANTOTHENATE AND PARA- 
AMINOBENZOIC ACID ON GRAY HAIR IN MAN 

A Study on a Group of Young and Older Individuals 

By Harold Br.yndaleone, M.D. 

Elizabeth Main, M.D. 

AND 

J. Murr.\y Steele, M.D. 

new YORK, N. Y. 

(From the Third [New York Univ.] Medical Division, Gold\{ater Memorial Hospital, 
New York City, and the Department of Medicine, New York Univ.) 

Reports of the effect of calcium pantothenate and paraaihino- 
benzoic acid* on the color of gray hair in man or animals, have been 
confusing as to which of the two drugs is the more important; whether 
both are necessary or, in the case of man, whether an unquestionable 
effect has ei'^er been observed. In this paper an attempt is made to 
clarify this state of affairs by the addition of new data as well as by a 
brief discussion. 

It has been reported^® that a deficiency of the filtrate factor 
of the vitamin B complex is accompanied by graying of fur in rats and 
dogs. The administration of the filtrate factors plus other vitamin B 
factors apparently helped to darken the fur in some animals. 

hlorgan. Cook, Daidson and Simms'®-*’ first noted that the substance 
active in curing graying, is contained in the filtrate fraction of vitamin 
Bo complex, /. c., it is in the water extract of yeast, lime or rice bran 
after thiamin, jiyridoxine and riboflavin have been removed. These 
investigators also found that supplying this filtrate fraction cured 
grajmess of fur in animals. Ralli, Clarke and Kennedy,®® found that 

* Culcium pantothenate will be referreil to n.s Ca.P., ptiraaminobenzoie a<‘i(l as 
PAB.\, and pantothenic acid as P.,\, 
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animals with low salt intake developed graying of fur much sooner 
than those on high salt intake. 

In 1940, Gyorgy, Poling and Subbarrow® observed that crude con- 
centrates of P.A. had a definite curative effect on nutritional achro- 
motrichia in rats. However, the fur did not become completely 
black in most instances, and depigmented areas often persisted. Wil- 
liams®® failed, however, to find any preventive or curative effect in 
gray hair in rats when P.A. was added. Frost, Moore and Dann'^ 
reported that certain liver extracts containing P.A. cured or prevented 
nutritional achromotrichia in rats, while synthetic Ca.P. had a 
negligible effect. 

Evidence that P.A. was not the only factor in the graying of hair 
began to appear."'®®®’* Martin, IVisinsky and Ansbacher'® stated 
that PABA modifies melanin and that Ca.P. has no influence. 

Ansbacher* reported that PABA was a factor in the prevention of 
achromotrichia in the rat, and a growth promoting factor for the 
chick. By means of this vitamin, he was able to overcome apparent 
grayness of the hair of rats, Avhile another group of rats not given this 
vitamin continued to show typical achromotrichia. Martin and 
Ansbacher*®'*'* confirmed the previous evidence that PABA has anti- 
gray hair activity in rats and mice. Unna, Richards and Sampson®® 
and Emerson^ found PABA ineffective for controlling achromotrichia 
in animals, but that P.A. and Ca.P. were beneficial in curing and 
preventing gray hair in laboratory animals. 

Investigation of the effect of Ca.P. and PABA on human patients 
with gray hair followed these studies in animals. Punnett and Bader®® 
gave 10 to 20 mg. of Ca.P. for from 1 to 6 months to 25 men and women, 
and in some cases supplemented this with the Avhole vitamin B com- 
plex. They obtained favorable results in a large proportion of cases. 
Sieve®® reported beneficial effects after the administration of PABA 
to patients with definite achromotrichia. In 30 cases, PABA was 
given alone; in 20 cases, estrogenic hormones were administered at the 
same time. He observed marked darkening of hair within 2 months, and 
recommended 200 mg. of PABA daily as a reasonable therapeutic dose. 
Sieve and Ansbacher®® reported the restoration of color of gray hair in 
more than 300 persons of both sexes after using 50 to 600 mg. of PABA 
a daJ^ In a later paper®® Sieve reported 800 cases with noticeable 
return of color to gray-haired individuals after treatment for 3 to 8 
weeks. Since these results have been questioned,®’®^ it was believed 
that the present studies should be reported. 

Procedure. Three groups of patients were studied. The first group, 19 
elderly (over 55 years of age) males and females with Avhite or graying hair, 
was selected from the wards of the .3rd Medical Division of Goldwater Memor- 
ial Hospital, where they were confined with a chronic disease, such as rheu- 
matoid arthritis, arteriosclerosis with hemiplegia or Parkinsonism. No sig- 
nificant change in the basic disease of this group \vas noted throughout the 
study. 

Eight young normal females (either nurses or internes, 29 to 38 years of age) 
with gray or graying hair, comprised the .second group. The.se individuals 
were not jiatients. The first group was subdivided into 3 sub-groups; 7 persons 
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received 100 mg. Ca.P. plus 50 gm. of brewer’s yeast; 5 persons received 200 
mg. of PABA plus 50 gm. of brewer's yeast daily; the remaining 7 received 
100 mg. Ca.P., 200 mg. of PABA and 50 gm. of brewer’s yeast daily.* The 
first group continued their medication for 8 consecutive months. In the second 
group, 6 persons received 100 mg. Ca.P., 200 mg. of PABA and 50 gm. of 
brewer’s yeast daily (1 was irregular) ; while 2 received just the 100 mg. Ca.P . 
and the 200 mg. of PABA daily. They remained under treatment for 6 con- 
secutive months. 

The third group consisted of 6 normal white females, whose ages ranged 
from 33 to 42 years. This group was observed by Dr. Elaine P. Ralli at the 
Metabolism Clinic of the New York University College pf Medicine Clinic. 
The patients were all prematurely gray, and the gray hair had been present 
for 10 to 15 years. They were given 20 mg. Ca.P. plus 3.5 gm. of yeast con- 
centrate daily for periods of 6 to 10 months.* Photographs were taken at the 
beginning and end of the experiment, and hair samples w'ere taken at monthly 
intervals. These were observed by Dr. Ralli at least every 4 weeks. There 
was no apparent ill-effects from any of the drugs, except for occasional nausea 
which was probably due to the yeast. 

In Groups 1 and 2, at the beginning of the experiment, photographs of the 
head and samples of hair from a given area were taken from each subject. 
This was repeated in the middle and at the end of the experiment. Color 
photographs of the hair samples of selected individuals were taken later. In 
addition, the same two observers saw these patients at least every 4 weeks and 
notations were made. At the end of the experiment, the photographs, samples 
of hair and opinions as to change in color were compared. 

Results. Seventeen subjects failed to exhibit any change (Class I); 
14 showed such slight change that its existence and certainly its value 
to the patient was doubtful (Class II); 2 patients exhibited definite 
change (Class III). 

The photographs of the head were useless because slight changes in 
distance or lighting made large differences in the apparent color of 
hair. Hair samples W'^ere valuable in discrediting many subjectively 
favorable notes; a very definite color change must occur before it is 
apparent in the clippings. 

Several changes were noted, (Table 1). The most common was the 
appearance of a yellow or greenish cast to the gray hair, that usually 
appeared during the first few months and did not alwmys persist. The 
next most frequent change was the new growth of scattered wiry 
black hairs. In several cases there was thought to be an increased 
luster without actual change in color. In one man (Case No. 18), 
whose hair was sparse, there was an increase in the number of hairs. 
In only 2 patients (Cases 6 and 6) was there a significant change 
in color. Both of these patients were males and suffered from rheu- 
matoid arthritis. Both had had browm hair, the one a red-brown, the 
other a yellow-brown. Both men noticed the change themselves. The 
change which wms observed tended towmrd a return to the original 
color. It became apparent after the drugs had been taken for a period 
of 2 to 3 months, theraftcr increasing .slowly in intensity until the 
drugs were stopped. These men were both in the group that received 
PABA, Ca.P. and yeast. 

* We are indebted to Merck & Co., Inc., through the office of Dr. D. F. Robertson for 
furnishing us rvitli tlie C-a-P. and PABA nece.s-sary for this study, and to the Vitamin 
Food Co., Inc., for tlie brewer's yeast and pliotographs. 'I'lie ye.ast concentrate used 
by Dr. Ralli was supplied by the Freeda-Agar Products Co., New York. 
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Table 1. — Results of Effect of Calcium Pantothenate and Paraaminobenzoic 
Acid on the Gray Hair of Humans (Older Group) 

Objective chanRc 

Patient, / v 


age and sex 

Medication 

Hair 

Picture 

Subjective cliango 

Class 

1. J.H. 

05 M. 

Yeast 

Ca.P. 

PARA 

? Darker 

No change 

SI. incr. number hairs 

11 

2. H.H. 

ti 

Grayer 

ii 

? Gi-aycr 

I 

35 M. 

3. J.McL., 1 

it 

No change 

it 

No change 

I 

23 M. 

4. R.R. 

ii 

<( 

ii 

ii 

I 

72 M. 

5. J.Sch. 

58 M. 

ti 

Dcf. change to 
red-brotvn 

a 

Def. darkening along 
sides of part 

III 

0. A.S. 

01 M. 

ii 

Def. change to 
red-brown 

it 

Very def. red change 

III 

7. J.S. 

ii 

SI. darker 

ii 

SI. late yellowing 

II 

02 M. 

8. M.M. 

57 F. 

Yeast 

PARA 

Lighter tlian 
control 


Early greeni.sh change 

II 

9. R.McM. 
01 F. 

ii 

Whiter than 
control 

a 

Early scattering dark 
hair; then no change 

II 

10. M.N. 

ii 

No change 

it 

No change 

1 

07 F. 

11. P.T. 

62 F. 

ii 

it 

it 

Early dark streak over 
crown; then no change 

II 

12. F.D. 

62 M. 

it 

ii 

it 

? Scattering of dark 
hairs 

II 

13. T.O’T. 

65 M. 

Yeast 

Ca.P. 

Lighter than 
control 

? Darker 

SI. golden change 

11 

14. M.D. 

it 

? Darker 

No change 

SI. early yellowing 

II 

58 F. 

15. G.D. 

68 F. 

ii 

Def. yellow 
early: then 
return to 
control 

ii 

Dcf., temporary, early 
yellowing 

II 

16. J.F. 

ii 

No change 

ii 

No change 

I 

85 M. 

17. F.K. 

60 M. 

it 

SI. darker 

it 

SI. increase number of 
dark hairs 

II 

18. J.McL., 2 

it 

? Darker 

ii 

No color change, def. in- 
crease number of hairs 

I 

19. M.M. 

it 

No change 

ii 

No change 

I 

73 M. 


None of the younger subjects (Tables 2 and 3) showed a definite 
change. In 2 young women with pale red hair, there was an apparent 
but temporary deepening of the red color. The hair developed a yellow 
or greenish cast in some cases and there was some scattered new wiry 
black hairs seen, but the changes were not sufficient to be of practical 
value. 

In the third group, none of the subjects exhibited any demonstrable 

change in the color of their hair; 2 subjects thought that their scalp 

was less scalv. 

► 
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Table 2. — Results of Effect op PABA and Ca.P. on Gray Hair of 

Young Women 

Objective change 

Patient, ■ • „ , . . , 

age ami sex Medication Hair I’ictiiie Subjective cliauKe Class 


1. M.C. 

35 F. 

PABA 

Ca.P. 

None 

Grayer* 

Yel. tint early, ? more 
gray later 

I 

2. E.N. 

35 P. 

Yeast 

PABA 

Ca.P. 

Grayer 


No change 

I 

8. E.C. 

33 F. 


? Darker 


SI. more red early, no 
effect on gray 

II 

4. A.A. 

33 F. 

PABA 

Ca.P. 

? Darker 

... 

Yel. tint early, si. darken- 
ing at temp. 

II 

5. M.B. 

36 F. 

Yeast 

PABA 

Ca.P. 

None 

Grayer* 

Yel. tint early, ? darken- 
ing of gray 

II 

6. M.H. 

34 F. 

ti 

Yel. tint 

Grayer* 

Red? more red 

II 

7. M.Kv. 

29 F. 

(Irreg.) 

None 

Grayer* 

? Darkening 

I 

8. M.Kd. 

38 F. 


More gray 


SI. darkening 

I 


* Follow-up photographs taken with different lighting, etc., so that all hair appears 
much more gray. 

Table 3.— Results of Effect of Ca.P. on Gray Hair of Young Wosibn 
Patient, Duration Objective change 


age and 
sex 

Medication 

o{ 

treatment 

Hair 

Picture 

Subjective 

change 

Class 

M.B.M. 
42 F. 

20 mg. Ca.P., 
3.5 gm. con- 
cent. yeast 

10 montlis 

Grayer 

No follow up 

None 

I 

s.s. 

37 F, 

u 

10 “ 

No change 

Darker ? 

Scalp better, tex- 
ture better, yel- 
low gray 

I 

A.T, 

35 F. 

it 

10 “ 

it 

More gray 

Scalp better, no 
change in color 

r 

M.M. 

33 F. 


0 

tt 

No follow up 

No change 

I 

M.L. 

40 P. 

H 

10 “ 
(irregular) 

U 

(1 

" 

I 

C.G. 

38 F. 

M 

10 months 

Grayer 

No change 


I 


Discussion. That only 2 of the 33 persons with gray hair exhibited 
a definite return of previous color while taking PABA and Ca.P. is of 
interest for at least two reasons. It suggests that a deficiency of PABA 
or Ca.P. or both, can under certain circumstances be at least one factor 
in the development of gray hair. IVhich substance is responsible is* 
not clear, since both drugs were given to the 2 individuals in which 
change was observed. After the medication was stopped, the hair 
gradually became grayer again, a fact which makes the observation 
secure. What is perhaps of more interest, is that the numerous failures 
lead one to the conclusion that, for the most part, graying of the hair 
is dependent on some other train of events. 

hlartin*- believes that the ratio of PABA to P.A. is important. He 
feels a preponderance of PABA favors graying. Pfaltz" found that 
tlie addition of P.A. to the diet of rats deprived of this vitamin par- 
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tially restored gray color. She found that when PABA was added, 
the color was restored quicker. This investigator also found that 
Inosital enhanced the pigment-restoring properties of P.A., although 
Emer.'^on and Evans'* did not find that Inosital significantly improved 
results over Ca.P. alone. Sieve-® jwinted out a possible relationship 
between PABA and hormones in the graying of hair. Gerstl, Lustig 
and Goldfarb® indicated that sex had a definite influence in the inci- 
dence of nutritional achromotrichia in mice. Forbe.s® reported that 
estrogen implanted pellets produced local pigmentation of fur in 
albino rats, while testosterone dipropionate failed. All this work 
however, is in an early stage. 

It is important also to point out that the indiscriminate use of 
PABA in humans may be followed by toxic reactions. Scott and Rob- 
bins®® found PABA to be poisonous to mice and dogs and less toxic 
to rats. In dogs, oral doses greater than 1 gm. per kilogram of body 
weight may cause death. It has also been found®-®®-®* that PABA 
inhibits bacteria-static action of sulfonamide drugs, and should there- 
fore not be given when it is necessary to use these drugs. 

Conclusions. In a group of 19 elderly individuals with gray hair, 
only 2 exhibited a significant change in color during an 8 months 
period of administration daily of 100 mg. calcium pantothenate; 
200 mg. paraaminobenzoic acid, and 50 gm. of Brewer’s yeast. 
Both were men. 

In a group of 8 j'ounger individuals who received the same dosage 
for 6 months (2 of the 8 omitted Brewer’s yeast), and in a group of 6 
yoxmger individuals who received 20 mg. calcium pantothenate and 
3.0 gm. of concentrated yeast daily, none developed any decrease in 
the graj’^ color of their hair. 
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In the study of any new insulin preparation it is important to 
determine the total duration of action, and the activity per hour. 
The time-activity curve has proved a useful method for such study 
and has been described in detail in previous communications, with 
reference to regular and protamine zinc insulins.^ In brief, after 
the injection of the dose of insulin to be studied, glucose is given by 
mouth at variable intervals in the amount required to keep the blood 
sugar within the physiologic range (80 to 120 mg. per 100 cc.) as 
determined by repeated blood sugar determinations. In the severe 
diabetic, with a fasting insulin requirement® the rise of the blood sugar 
when insulin effect is over gives a sharp end-point for the duration of 
action. 

While several studies of globin insulin have appeared in the literature 
they have considered blood sugar curves in (1) the fasting state,^ (2) 
with diet,®'- and (3) with constant 2-hourly feedings of glucose.® The 
present report is a study of the time-activity function of globin insulin, 
with the clinical application of the results to the optimum arrangement 
of the diet. The studies include: (1) a summary of 8 time-activity 
curves, witli doses of globin insulin ranging from 10 to 80 units, (2) 
comparison of the time activity curves of the same dose of regular, 
protamine zinc and globin insulin in 2 patients, (3) globin insulin curves 
in 14 patients on a regular diet, and (4) out-patient progress records 
of 16 patients on globin insulin. 

In the majority of instances, blood sugar determinations were made 
on oxalated venous blood by a modified Folin-Wu micro method. 
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Tiinc-activity Curves. Figure 1 shows the activity of 80 units of 
globin insulin in a 14 year old white boy, a severe diabetic. The fall 
of the blood sugar from 251 to 116 mg. per 100 cc. in the first 5 hours 
of studj-, indicates a small insulin activity in the first few hours after 



Fig. 1. — Time-activity curve SO units of globin insulin. Point A; Too much glucose 
given at this point so blood sugar allowed to return to normal before next dose of glucose. 
Point B: End of appreciable activity. Single lipped arrows indicate amount of glucose 
given at that time, in all figures. Boxes represent the amount of glucose, calculated as 
grams per hour, in all figures. Double tipped arrows represent the time insulin was given, 
in all figures. 

D. R. White male 14, No. 791-320. Diabetic of 1 year's duration. Severe diabetic 
in good control prior to test on regular insulin 50-30-30; protamine zinc insulin 35-0-0. 
Diet: C, 275; P, 100; F, 90. Preparation for test; Day before test, protamine zinc 
insulin was not given. Insulin day before test; regular insulin 50-30-20, and 20 at 
midnight, with a glass of milk, in addition to diet. No food day of test, except glucose 
by mouth as indicated in figure. 



Fig. 2. — Time-actmty curve 30 units of globin insulin. H. R. White male 67, 
No. 810-294. New, untreated diabetic. Controlled without insulin on diet: C, 150; 
P, 65; F, SO. Preparation for test: none. No food day of test, except glucose by 
mouth, as indicated in figure. 



injection. Prom the 6th to the 13th hours, 37 gm. of glucose was given 
to balance insulin activity. At point A the amount given was in 
excess of the requirement, as indicated by the rise of the blood sugar. 
The peak activity is clearly betAveeu the 6th and 9th hours, as the 
largest amount of glucose was given in this period. The end of activity 
is sharp, with a rise of the blood sugar from 91 mg. per 100 cc. to 
176 mg. per 100 cc. (point B), between the 18th and 21st hours after 
insulin injection. (No glucose was given by mouth after the 12th hour.) 



Fig. 3.— Comparison of the time-acti%oty function of 20 units of regular, globin and 
protamine zinc insulin. Twenty units of regular, globin and protamine zinc insulin, 
respectively, given at 0 time on graph. 

J. S. Mexican male 46, No. 679-103. Known diabetic 4 years. Well controlled 
on 30 units protamine zinc insulin. Diet: C, 175; P, 70; F, SO. Preparation for test; 
Day before each test protamine zinc insulin was discontinued and regular insulin 10-10-10 
was substituted. No food day of tests, except glucose by mouth as indicated. 

Figure 2 in contrast, shows the activity of 30 units of glohin insulin 
in a 57 year old white male—a very mild diabetic. Although this 
patient was controlled on diet alone, this fact does not change the 
general configuration of the curve after the injection of insulin. Even 
non-diabetics can show peak points of action of injected insulin over 
and above the endogenous secretion. The total amount of glucose 
handled in any diabetic will depend not only upon the injected dose. 


but upon the amount of the effective endogenous insulin. Ninety-five 
gm. of glucose was required to balance insulin activity, with the blood 
sugar level between 67 and 144 mg. per 100 cc. The peak of activity 
lies between the .5th and 10th hours. The end-point of activity is not 
clearly indicated, as the patient did not have a fasting insulin require- 
ment. However, there is no appreciable effect after the 20th hour. 


Table 1. — Time-activity Function of Glodin Insulin 


Name 

Usual insulin 
dose in units 
Diet O-P-Fi 
in gm. 

Dose of 
globulin 
insulin 
in units 

Peak of 
action in : 
hrs. 

Duration of 
significant 
activity 

Total grn. 
of glucose 
by mouth 
to balance 
activity 

No. of hrs. 
of experi- 
ment 

1. T. G. 62 
Colored male 
No. 240-338* 

10 PZI* 
270-95-95 

10 

! 

1 

6-8 

? 

50 

11 

2. J. S. 45 ’ 

Mex. male 

No. 679-103 

30 PZI< 

20 

5-10 

13-h 

75 

14 

3. J. S. 40 

Mex. male 

No. 276-524 

30 PZI 
250-90-80 

20 

5-12 

14 + 

1 

1 

90 

15 

4. H. B. 57 
White male 

No. 810-294 

No insulin 
150-65-80 

30 

5-10 

1 20 

1 

1 

95 

22 

5. J. D. 17 
White male 

No. 250-724 

RI* 40-20-40 
PZI 40 
300-100-100 

40 

7-13 

18+ 

95 

21 

6. D. S. 33 
White male 

No. 631-831 

RI 25-10-15 
PZI 0-0-10 
250-85-80 

40 

10-20 ?* 

22+ 

127 

1 

22 

7. W. H. 15 
Colored female 
No. 597-734 

RI 25-0-0 

PZI 0-0-40 
200-100-60 

60 

i 

12-19 ?c 

1 

22 + 

1 

! 

20 

22 

8. D. R. 14 
White male 

No. 791-326 

RI 50-30-20 
PZI 35 1 

275-100-90 

80 

6-9 

18 

37 

21 


ket: ' C, carbohydrate; P, protein; F, fat in all tables. 

* Permanent hospital Me No.— in all tables. 

* PZI, protamine zinc insulin; RI, regular insulin; CZI, crystalline zinc insulin — 

in all tables. 

‘ PZI discontinued 24 hours before test with globin insulin in all patients except 
No. 1. 

* Largest amounts of glucose given late (10th to 20th hour) , with blood sugar of 

30 mg. per 100 cc. at 18th hour. 

® Difficult to tell peak as only 2 doses of glucose given — 5 gm. at 6th hour and 
15 gm. at loth hour. 


The activity of 20 units of globin insulin in a 46 year old Mexican 
male, a mild diabetic, is seen in Figure 3 (middle curve). During the 
first 4 hours after injection activity is present, as an hourly dose of 
5 gm. of glucose caused little change in the blood sugar level. The peak 




































of activity occurs between the 5th and 10th hours. Activity is slight 
after the 13th hour. The blood sugar level fell only 10 mg. between the 
13th and 14th hours, and no glucose was given after the 11th hour. 
This patient also shows no sharp rise of the blood sugar at the end of 
activity, as he is a mild diabetic with no basal insulin requirement. 

Table 1 summarizes the results in the 8 patients on whom time- 
activity curves were run. The tests were conducted in similar fashion 
to those traced in Figures 1 and 2. In the majority of cases the peak 
of action occurred between the 6th and 10th hours, with the end of 
appreciable activity between the 14th and 18th hours. 

Figure 3 shows the striking difference between the time-activity 
curves of regular, globin and protamine zinc insulins in the same 
patient. The regular insulin has its peak of action between the 1st and 
4th hours, with the end of significant activity between the 7th and 9th 
hours. A total of 105 gm. of glucose was given to balance the insulin 
action. In contrast, the peak of action of the globin insulin is 5 to 10 
hours, with little activity after the 14th hour. Seventy-five gm. of 
glucose were given to balance insulin activity. With the protamine , 
zinc insulin the onset of appreciable activity is delayed,- with the peak 
of action between the 7th and 11th hours. Some activity is still 
present at the 16th hour. Sixty-two and a half gm. of glucose were 
given to balance insulin activity. 

Similar results were obtained in a second patient, in whom the time- 
activity curves with the same dose of regular, globin and protamine 
zinc insulin were made. 

Blood Sugar Curves With Globin Insulin and Diet. Table 2 sum- 
marizes studies on 14 patients on their regular diets with one dose of 
globin insulin. Five or six blood sugar determinations were made 
throughout the 24-hour period; fasting, 1| to 2| hours after each meal, 
to obtain postprandial rises; and at 4 p.m. and midnight, for possible 
low points. Quantitative urine sugars* for the 24-hour period were 
also run. Seven of the patients received a mid-afternoon feeding, 
while 7 did not. 

In general, the results show that the usual time of occurrence of hypo- 
glycemia with globin insulin lies between 2 p.m. and midnight. Thus, 
2 patients had blood sugar levels under 50 mg. per 100 cc. at 2 p.m.; 3 
patients had blood sugar levels under 80 mg. per 100 cc. at 4 p.m.; 
1 patient had a severe insulin reaction at 10:30 p.m.; and 3 patients 
had blood sugar levels under 65 mg. per 100 cc. at midnight. In only 
1 patient was the fasting blood sugar level under 80 mg. per 100 cc., 
and no patients had insulin reactions’ between midnight and breakfast. 

The majority of the patients showed a marked postprandial rise of 
the blood sugar after breakfast (67 to 124 mg. per 100 cc.) despite the 
fact that all the patients received a light brealrfast— one-sixth to one- 
fifth of the total carbohydrate. 

The milder diabetics (Cases 1, 4, 6, 7, 9, 10) showed fairly smooth 
24-hour blood sugar curves, and were considered to be moderately 
' well controlled, although certain adjustments of insulin and diet Avere 

* Urine sugars were determined by the quantitative Benedict method. 
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necessary to meet occasional low blood sugar points: 2 p,m., 4 p.m., 
and midnight. 

Patients 2, 3 and 5 showed wider fluctuations of the blood sugar 
curve due to moderate, transient postprandial rise of the blood sugar 
curve. 

In 4 severe diabetics (Cases 11, 12, 13, 14) control was very poor on 
one dose of globin insulin due to marked postprandial rises of blood 
sugar, and also low points in the afternoon or midnight, despite interval 
feedings. The globin insulin was not sufficient to control the fasting 
requirement in No. 11, as the blood sugar rose from 81 mg. per 100 cc. 
at midnight to 333 mg. per 100 cc. before breakfast. Patients 8 and 13, 
on the other hand, had a marked fall of the blood sugar from midnight 
to 6 A.M., even with marked postprandial hjqjerglycemia. 


T.vble 3. — Comparison of Globin and Protamine Zinc Insulin With Diet 




! 

1 Blood sugar in mg. 

1 

per 100 cc. 

24 hr 
urine 
sugar 
in gm. 

Name 

Insulin 
in units 1 

Diet 

C-P-Fi 

Fast- 

ing 

1 

2 hrs. 
after 
break- 
fast 

2 hrs. 
after 
lunch 

2 hrs. 
after 
dinner 

Mid- 

night 

1. M. P. 13 

35 PZI 

200-100-70 

64.5 - 

76 

111 

135.1 

47.6 

0 

IVhite female 
No. 772-531 

20 Globin’ 

200-100-70 

109.0 

106 

47 

132.0 

99.0 

0 

2. J. M. 78 

45 PZI 



158 

164 

198.1 

121.1 

SI. tr. 

White male 
No. 763-322 

35 Globin’ 

150-60-80 ' 

98.5 j 

166 

190 

71.9 

41.1 

0 

i 

3. J. S. 40 

30 PZI 

250-90-80 


148 

182 


103.6 


Mex. male 

No. 672-920 

30 Globin’ 

250-90-80 

80.0 


173 


92.6 


4. J. S. 45 

30 PZI 

175-70-80 


129 1 

138 

143.9 

127.4 

0 

Mex. male 

No. 679-103 

30 Globin’ 

175-70-80 



142 

121.0 

80.6 

0 


key: I Arrangement of carbohydrate in diet: 1/6 breakfast; 2/5 lunch; 2/5 dinner; 
? bed-time feeding. 

^ On globin insulin 5 days before test. 

® On globin insulin 2 days before test. 

Five patients (Nos. 1, 3, 4, 5 and 10) have been followed in the out- 
patient clinic for over 6 months, and have been in fair to moderate 
control during this period. 

Pour patients were studied on diet and protamine zinc insulin, and 
on globin insulin (Table 3). In 1 patient the dose of globin insulin was 
15 units less than the protamine zinc insulin; and in another, 10 units 
less. In the other 2 patients, the same dose was used. In all 4 cases 
the fasting blood sugar level with protamine zinc insulin was lower by 
13 to 51 mg. per 100 cc. than with globin insulin. In 3 of the patients 
on protamine zinc insulin, the lowest blood, sugar of the 24-hour curve 
occurred fasting, in the other at midnight. The lowest peak of the 
globin curve occurred at midnight in 3 cases, and in the middle of the 
afternoon in the other. Except for the differences pointed out above, 
the general configuration of the curves was quite similar. 
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Table 4 summarizes the out-patient clinic records of 16 patients. 
Eight of these patients were in good or moderately good control, i. e., 
excreted less than 10% of the carbohydrate intake in the 24-hour 
urine sample in three-fourths of the clinic visits. In this group the 
doses ranged from 10 units to 50 units of globin insulin. Five patients 
were in fair control (spilled less than 15% of the carbohydrate intake), 
with doses ranging from 20 to 80 units; 3 patients were in poor control 
(spilled over 20% of carbohydrate intake), with doses of 20 to 80 units 
of globin insulin, and 2 of these were taken off of globin insulin due to 
poor control. In certain instances poor control was due to intercurrent 
infections; in others to poor cooperation. Eleven* of the 16 patients 
had been on 2 to 3 injections of insulin daily. Five of this group were 
in moderately good control on 1 injection of globin insulin. Three 
patients were given doses over 70 units; only 1 of these was in moder- 
ately good control. 

Table 5 gives the time of occurrence of insulin reactions with globin 
insulin. Only 1 reaction occurred between midnight and 5 a.m. The 
largest number of reactions occurred between noon and 6 p.m. 

Discussion. In accord with others' who have studied globin 
insulin, we have found that it is an insulin with prolonged activity 
(more than 18 hours), with a peak of action between 6 and 10 hours in 
the majority of patients. 

It is obvious from the time-activity curves and studies on diet that 
the duration of appreciable effect, as with protamine zinc insulin,® 
is a function of the size of the dose and the severity of the diabetes-— 
that is the amount of the hourly basal insulin requirement. Thus, 
Patient 8, Table 1, had an end of activity at 18 hours, with a dose of 
80 units; while in another patient. No. 6, Table 1, 40 units lasted 
more than 22 hours. In the studies with diet. Patient 11, Table 2, on 40 
units of globin insulin showed a marked rise of the blood sugar between 
midnight and 8 a.m.; while Patients 13 and 8, Table 2, on 80 and 30 
units respectively, showed a marked fall of the blood sugar between 
midnight and 8 a.m. 

As the peak of activity lies betAveen 6 and 10 hours the necessity of a 
mid-afternoon feeding is ob\dous. As significant activity may last 
over 18 hours, certain patients may also require a bedtime feeding. 
As the activity is small during the first few hours after injection, a light 
breakfast should be given. (We haA-^e found that a diet distribution of 
1/6 carbohydrate at breakfast, 1/3 at lunch, 1/6 at 3 p.m. and 1/3 at 
dinner, Avith a bedtime feeding as indicated, giA^es the most satisfactory 
results in the majority of patients.) In starting a patient on globin 
insulin, a fasting blood sugar on tAvo successive mornings, and blood 
sugar determinations at 3 p.m. and midnight, plus urine sugars to 
cover postprandial rises Avill give the most information concerning 
points of hypoglycemia and the best dietary arrangement. 

As shoAvn graphically in Figure 3, globin insulin has more carbo- 
hydrate handling ability per unit than protamine zinc insulin. This 
makes possible the use of one insulin in many patients who had pre- 
viously been on one injection of regular insulin and one of protamine 
zinc insulin, either in the same syringe or separately injected. 
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Tahm-; 4. — Clinic Kecokd With Gi.ohin Insulin 


Numc 


Cilohin Rrcviotis insulin 
J insulin I (lose ; 

I in units a.m. k. p.m. . 


I 

No. of ; 
inoitdis j 

follouTil I 


Diet 

C'P-]'' 


Dncror of 
conlrol^ 


1. R. B. 7:j 

Wliito male 

No. 518-98G 

( 

10-20 

1 

"Newdiabelic” , 

5 

] 

200-75-80" ■ 

Good 

1 

2. J. M. 78 

White male*^ 

No. 753-322 

15-25 

PZI 45 

7 

150-05-80“ 

1 

1 Moderately 
good 

t 

3. E. R. 39 
■ White female 
No. 605-164 

20 

RI 20-0-0 

PZI 30 

12 

1200-75-100“ : 

1 Moderately 
good 

1 

4. L. K. 33 
White female 
No. 314-400 

20-25 

PZI 35 


200-75-80“ 

iFair 

5. I. T. 30 

White male 

No. 254-813 

25-35 

"New diabetic” 

9 

300-90-150“ 

! 

1 Good 

6. C. B. 5 

White female 
No. 744-053 

16-24 

RI 15-5-5 

6 

175-70-804 

Moderately 
; good 

7. G. S. 58 

White female 
No. 39-791 

20-28 

“New diabetic” 

4 

1 

200-75-804 

1 

Poor to fair 

8. R. W. 30 
White male 

No. 134-810 

24-30* 

RI 20-0-20 

■ 

j 175-60-90/ 

1 

! ! 

? Fair 
(infection) 

9. M. P. 13 
White female 
No. 772-581 

15-40' ' 

i 

PZI 20-35-0-0 

! 

.3 

1 1 
i 1 

175-90-100“ 

Fair 

10. T. H. 13 
M'^hite male 

No. 292-338 

20-40 

i 

CZI 14-18-0-0 
PZI 15-25-0-0 

i 0 

1 

i 

] 

200-90-95“ 

Moderately. 

1 good 

11. E. L. 30 
White female 
No. 162-277 

1 20-40^ 

1 RI 10-0-0 

1 PZI 30-0-0 

9 

i 

100-60-40/ 

Poor to fair 

12. C. C. 30 
White female'^ 
No. 265-807 

221-40 

RI 10-0-0 

PZI 30-0-0 i 

1 ’ 

1 

250-90-100*' 

Poor’ 

13. H. D. 17 
Wliitc male 

No. 798-143 

45-50 

RI 15-0-20 

PZI 0-0-20 

1 

275-110-120*' 

Good 

14. P. K. 16 
While Female 
No. 790-191 

80 

RI 35-30-30 

1 

2.50-100-60*' 

Moderately 

good 

15. N. S. 18 
White female 
No. 420-816 

80 

CZI 25-0-25 

PZI 0-0-35 

1 

175-70-80*' 

Fair 

16. B. B. 

Wliite female 
No. 802-266 

1 RI 40 
' SO 

i 

1 


1 

. 

?b ’ 

Poor 



















Ket to Table 4: 

' Arrangement of carbohydrate in diet; 

“ 1/6 breakfast; 2/5 lunch; 2/5 dinner; with or without small bedtime feeding. 

’’ 1/0 breakfast; 1/3 lunch; 1/6 afternoon; 1/3 dinner. 

1/6 breakfast; 1/3 lunch; 1/0 afternoon; 1/4 dinner; 1/12 bedtime. 

1/6 breakfast; 1/3 lunch; 1/12 afternoon; 1/3 dinner; 1/12 bedtime. 

^ ? arrangement, but interval feeding at 3 p.m. and 9 p.st. 

/ ? 

- Degree of control graded as % of carbohydrate intake (not including carbohydrate 
derived from protein) spilled in 24-hour urine; 

Good — less than 5% of intake. 

Moderately good — less than 10% of intake. 

Fair — less than 15% of intake. 

Poor — over 20% of intake. 

Added 2 to 3 units of regular to globin to decrease burning. 

■> Occasional small doses of regular taken in addition to globin insulin. 

^ Taken off of globin insulin. 

6 Died in hospital 3 months after last clinic visit. Entered in mild acidosis, and died 
of bronchopneumonia. No details of insulin therapy prior to entry obtained. 

’ Dose ordered cut in half, due to one severe reaction. This is reason for poor control 
here. 

Table 5.— Time op Occurrence of Insulin Reactions With Globin Insulin 


No. of patients 

Time with reactions 

8 A.M. to 12 noon 4- 

12 noon to 3 p.m 2 

3 P.M. to 6 P.M 0 

7 P.M. to 10 P.M 1 

10 p.ji. to 12 midnight 2 

12 midnight to 5 a.m 1^ 

5 .A.M. to 8 A.M 1 

Time of reaction unknown 2 

Reactions 17^ 

No reactions 13 


* Patients may be listed under 2 to 3 different times of day. 

2 Two of these reactions occurred just before lunch. 

’ Reaction occurred in a patient who was working unusually hard on the "swing 
shift,” at 2 A.M. 

While activity may be present between the 18th and 24th hours after 
injection, in the majority of instances this is very much less than the 
nocturnal activity of protamine zinc insulin. Eleven of 30 patients 
had significant activity between midnight and 8 A.ar. This point has 
not been emphasized sufficiently previously. However, only 1 patient 
had an insulin reaction in this period. This is a point of considerable 
practical importance in insulin-sensitive patients, frequently children, 
who have been prone to have reactions between 12 midnight and 
8 A.M. with protamine zinc insulin. 

The obvious value of the clear solution of globin insulin, obviating 
mixing of a suspension, as with protamine insulin, is of practical 
importance to patients. Also in our small series, 36, we have had no 
local reactions other than burning, and no generalized allergic reactions. 

Certain disadvantages are apparent from our studies. Patients who 
are very insulin-sensitive develop too marked an afternoon hjqDO- 
glycemia despite interval feeding and a large lunch. From a purely 
practical viewpoint, a mid-afternoon feeding is not possible for many 
diabetics who work. Severe diabetics who have large dietary insulin 
requirements cannot be controlled on one injection of globin insulin 
due to marked postprandial rises of the blood sugar. Also, diabetics 
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with high fasting insulin requirements do not reeeive enough hourly 
insulin activity at night to prevent rise of the blood sugar at night, 
even with large doses of globin insulin, as 80 units. One disadvantage 
not previously mentioned is burning on injection. Two patients com- 
plained spontaneously of this, and 7 other patients on questioning 
stated that globin burned more than regular or protamine zinc insulin. 
The reason for this is not apparent as the pH is in the same range as 
regular insulin. 

In general, we feel that globin insulin has a place in the treatment of 
selected diabetics. As with any insulin it is important to understand 
its activity and duration of effect for most intelligent use. 

Summary. A. Studies with globin insulin have been made on 36 
patients. These included: 

1. Eight time-activity curves — doses 10 to 80 units. These showed 
that the duration varied with the dose and the severity of the diabetes, 
but in general was 14 to more than 24 hours; average 18 to 19 hours. 
The peak of activity occurred between the 6th and 10th hours. Onset 
of activity started within 1 hour of injection but was slow for the first 
3 to 5 hours. 

2. Comparison of the time-activity function of the same dose of 
regular, protamine zinc and globin insulin in 2 patients showed that 
globin insulin was intermediary between regular and protamine zinc 
insulins as to duration and total carbohydrate-handling ability. 

3. Studies with diet— 14 patients. The blood sugar curves with diet 
indicated the necessity for a light breakfast, mid-afternoon feeding, 
and in some instances a bedtime feeding. 

4. Out-Patient Progress records— 16 patients (doses 10 to 80 units). 
The majority of these patients were in fair to good control except for 
occasional upsets. 

B. From these studies we conclude that globin insulin has the 
following advantages and disadvantages: 1. Advantages: (a) In 
patients controlled with protamine zinc insulin who had severe noc- 
turnal reactions, (b) In patients controlled on a combined dose of 
regular and protamine zinc insulin before breakfast— injected singly 
or combined, (c) More carbohydrate-handling ability than protamine, 
with earlier peak of action, (d) Clear solution, obviating mixing. 

2. Disadvantages: (o) Too low hourly carbohydrate-handling ability 
to cover diet in most severe diabetics— doses over 50 units, (b) Too 
short duration of effect to cover nocturnal insulin requirement of 
severe diabetics, (c) Burning on injection in an occasional patient. 

Appreciation is expressed to Dr. Solomon Strouse and Dr. Howard West for the nse 
of patients on their services at the Los Angeles County Hospital; and to Burroughs- 
WeUcome & Company for the supply of globin insulin for investigational use. 
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EOSINOPHIL LEUKEMIA 

With Report of a Ca$e 
By j\'Iakion Friedman, M.D. 

ASSISTANT SURGEON (e) 

Irving J. Wolman, M.D. 

passed assistant surgeon (r) 
and 

Harlan H. Tyner, M.D. 

assistant surgeon (k) 

NORFOLK, VA. 

(From the U. S. Marine Hospital of the U. S. Public Health Service) 

The existence of eosinophil (eosinophilocytic) leukemia as an entity 
distinct from myelogenous neutrophil leukemia has not been unequiv- 
ocally established. A major reason for questioning its separate identity 
has been the morphologic maturity of eosinophils seen in the peripheral 
blood and bone marrow of proposed cases, as contrasted with the large 
numbers of immature and atypical cells found in the more familiar 
types of leukemia, in "leukemoid” eosinophilic reactions, and in so- 
called “mixed” leukemia. The issue is complicated also by the well 
known tendency for eosinophil cells, both mature and immature, to 
become increased though not dominant in chronic myeloid leukemia. 

Eosinophilic leukemia, loosely interpreted, may not be as rare as is 
suggested by the meager number of instances which have been re- 
ported,^'‘‘-®~i'’'‘2'i®'^'''^® For example, Doan and Reinhart,® who analyzed 
317 patients with leukemic syndromes, classified 3 as chronic eosino- 
philic myelogenous leukemia, and described one other having both 
eosinophilic and basophilic granules within the same malignant myelo- 
cytes, as "mixed” chronic myelogenous leukemia. The lack of certainty 
which attends the diagnostic interpretation of leukemia with eosino- 
philia prompts this presentation of another case. 

Case Report. An 11 year old colored boy was admitted December 17, 1943 
to ling’s Daughters Hospital, Norfolk, Va., with progressive weakness, edema 
of legs and abdomen, and shortness of breath following an acute eruptive 
illness a month previously termed “measles.” Prior to November, 1942, he 
was said to have been in good health, though a photograph taken the preceding 
summer shoAved him with shoes unlaced, suggesting that swelling of the feet 
was present even then. He was weak and undernourished and of average 
height. He had a harsh, moderately productive cough. The nose, cheeks and 
submaxillary areas were swollen. The upper eyelids were puffy and the eyes 
lacrimated constantly. The left lacrimal gland was enlarged and palpable. 
Swollen pale turbinates occluded the nasal passages. The posterior cervical 
lymph nodes were slightly enlarged, but no other superficial nodes were pal- 
pable. Breathing was moderately rapid. Roentgenography showed irregular 
increased densities throughout the entire lung fields, most prominent at the 
bases. There was pleural thickening and an enlarged cardiac shadow'. Blood 
pressure was 90/70. The abdomen was not distended but moderate pitting 
edema of the anterior abdominal wall extended up to the xiphoid. The liver 
extended two fingers breadth below' the costal margin. The spleen could not 
be felt; there w’ere no palpable abdominal masses. The legs and thighs were 
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swollen and edematous, the right thigh being larger than the left. Body 
temperature fluctuated between 36.5° and 38° C. Laboratory studies are 
shown in Table 2. The patient was kept in bed and given symptomatic treat- 
ment. Because of the low blood protein level 500 cc. of blood plasma was 
administered on December 23, followed by disajjpearance of the respiratory 
distress and most of the edema within 72 hours. The thigh circumference, 
however, continued prominent. He Avas discharged on Januai'j' 6 after relief of 
the immediate symptoms, but rehospitalized from January 19 to January 27 
with a recurrence. The pulmonaiy infiltration Avas found to have subsided and 
the cardiac shadoAV Avas practically normal in size. No clinical improvement 
occurred during this admission aird the subsequent cour.se at home Avas pro- 
gi-essiA'ely doAvnhill. 



Pig. 1. — Photograph of tlie patient taken on Marcli 25, 1943. Note tiio emaciation 
of the arms and ehest, swelling of the lips, eyelids and salivary areas and open moutli 
(mouth breathing). 

From March 13, 1943, until death on April 17, the patient (Fig. 1) Avas at 
the U. S. Marine Hospital, Norfolk, Va. Emaciation, Aveakness, edema of the 
lower extremities, rapid respirations, productive cough, sAvelling of the nose, 
checks, lips and submaxillarj’- areas Avere prominent features. The submaxil- 
lary and sublingual glands Avere large, hard and discrete. Fine and coarse 
inspiratory and expiratory rales AA^ere audible. The spleen Avas not felt. The 
patient had a hearty appetite and consumed large quantities of food. The 
leukocyte count fluctuated from 126,000 to 194,000 Avith an eosinophilia from 
80 to 94% (Table 1). On March 18 the total blood protein Avas 5.8 mg. per 
100 cc., with 3.4 mg. globulin and 2.4 mg. albumin. Because of this Ioav value, 
six 250 cc. doses of blood plasma were administered intravenously in a 10-day 
period, beginning on March . 20. During this period the edema subsided, 
except in the thighs, and the blood protein picture became normal (Table 
2): The foUoAving laboratory examinations shoAved results Avithin the normal 
range; Blood sugar, blood chlorides, blood urea, blood uric acid, blood 
cholesterol, blood cholesterol esters, icteric index, bleeding time, clotting time, 
reticulocyte count, platelet count, hematocrit, serologic tests for syphilis, 
tubercuhn patch test, skin test for ecchinococcus, heterophil reaction, fragility 
test, bromsulphthalein test, and feces for ova. and parasites. Tavo electro- 
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cardiograms were normal. Roentgen films (Fig. 2) on March 15 revealed 
rather dense sharply circumscribed shadows throughout both lung fields and 
enlargement of the heart. Repeat examinations on March 23 and April 6 
revealed an increase in these lung field shadows, especially in the lower lobes. 
Radiography of the skeleton, including the pelvis, showed no abnormalities. 
The nasal discharge contained eosinophils. Studies of the bone marrow' by 
sternal puncture (Table 3) revealed a predominance of eosinophils with more 
young forms than in the peripheral blood. On April 16, biopsj' of a posterior 
ceiwdcal gland was performed under local anesthesia. The following morning 
at 3:30 a.m. respirations suddenly ceased. 

Table 1. — Representative Differential Cell Count of Peripheral Blood 
(Total Count 126,000) (Done on March 25, 1943—500 Cells Counted) 


% 

Type of cells '* ' 

Eosinophils ■ ■ 82.0 

Promyelocytes 0.0 

Myelocytes ' 0-4 

Metamyelocytes 0.6 

One-lobed (staff) cells 19.6 

Two-lobed cells 43.0 

Three-lobed cells 15.2 

Four-lobed cells . . - 3.0 

Six-lobed cells 0.2 

Neutrophils 4.4 

Staff cells 0 4 

Mature cells 4.0 

Basophils 0.4 

Monocytes 4.0 

Lymphocytes . 9.2 


Necropsy. The liver tvas large, w'ith yellow-red parenchyma. It iveighed 
1300 gm. The spleen, w'as not enlarged, weighing 90 gm. Its pulp tvas red, 
soft and grossly not infiltrated. The small lymph follicles were not unusually 
abundant. The kidneys, adrenals and gastro-inieslinal tract showed no changes. 
The mesentery tvas wasted and contained small normal sized lymph nodes. A 
broad chain of enlarged unusually abundant retroperitoneal Ij'mph nodes 
extended from the pelvis up through the diaphragm, becoming continuous 
wdth a mass of large mediastinal nodes in the thorax. Some nodes about the 
lesser curvature of the stomach and the branches of the celiac axis were sim- 
ilarly enlarged. The average length of these large nodes was 2 to 3 cm. All 
Avere soft, discrete and homogeneouslj' gray on section. 

A Avide sheet of yelloAv-gray infiltrative tissue, 1 to 2 cm. in thickness, Avas 
found in the extraperitoneal fascia of the pelvis, contiguous Avith the bones but 
extraperiosteal. This tissue Avas edematous in areas and not ahvays of the 
same thickness. Neither bladder nor rectum Avas ini'aded. The infiltration 
continued through the large foramina and beneath the inguinal ligaments 
doAvn into the soft tissue of both thighs. A great mass of large discrete lymph 
nodes Avas found in the right inguinal and femoral region, enveloping the nerves 
and blood-vessels and extending peripherallj' along their courses. The upper 
thigh muscles Avere pale and infiltrated Avith poorly defined 3'elloAv streaks. 
Similar streaks extended the entire length of the right iliopsoas muscle. The 
infiltratiA'e changes in the thigh Avere confined beneath the fascia lata and did 
not inA-olve the subcutaneous fat. The pleural sacs and the pericardium each 
contained 100 cc. of clear yelloAV fluid. The thymus Avas shrunken. The heart 
Avas dilated and Aveighed 220 gm. In the posterior mediastinum numerous 
large lymph nodes extended from the diaphragm to the clavicles and also 
laterally along the bifurcation of the trachea. The lungs Avere emphysematous 
and together AA'eighed 360 grn. They contained some graj'-red foci of con- 
solidation posterior and inferior to the loAA-er major bronchi. The broncho- 
pulmonaiy nodes Avere large and the bronchial Avails Averc thickened. The 
bronchi Averc dilated and contained yelloAA-gray muco-pus. The sphenoid and 
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ollmioid smuses were filled with green muco-pus. Their lining mucous mem- 
brane was thickened, pclj^joid and discolored. The bones had normal external 
contours and red succulent marrow. 

Poroscopy. Lungs. The hilar connective tissue was thickened and 
edematous. The bronchi were abnormally large, with hyperplastic mucous 
membrane. They contained exudate and the bronchiolar epithelium was 
rich in eosinophils. The mucous and submucous coats and the supporting 
tissue of the bronchial glands, as well as the peribronchial fascia and bronchi- 
oles, were infiltrated with a mixture of mature eosinophils and faintly baso- 
philic cells having irregular pale staining cytoplasm and large rounded or 
indented vesicular muclei. These took the oxidase stain and were judged to 
be eosinophilic myelocytes. Adult neutrophils and lymphocytes were infre- 
quent. The pulmonary capillaries were distended, some being filled with 
leukocytes, chiefly eosinophils. Many alveoli were filled with an acute pneu- 
monic exudate, with nearly all the invading cells being mature eosinophils. In 
other alveoli the walls were thickened and the lumens contracted with organ- 
izing tissue occupying the lumens. Eosinophils were abundantly present 
within their walls. 



Fio. 2.— Roentgenograms of chest showing progressive involvement of hilar regions 
and lower lobes by eosinophilic infiltration, verified by necropsy. A, January 21, 1943; 
B, April 6, 1943. Note enlargement of the heart shadow. (Photographs by Dr. Robert 
Drelich, U. S. Marine Hospital, Norfolk, Va.) 

Table 3. — Differential Cell Counts of Aspirated Bone Marrow 
(500 Cells Counted) 

% 


Type of cells 


Dec. 20, 1942 

Mar. 19, 1943 

Myeloblasts .... 

. . . . 

0.8 


0.4 

Eosinophilic series , 

. . • • 

65.0 


74.2 

Promyelocytes A . 

. . 3.2 


1.4 


Promyelocytes S . 

. . 4.9 


4.2 


Myelocytes 

. . 14.0 


9.0 


Metamyelocytes . 

. . 9.1 


6.4 


One-lobed (staff) cells 

. . 6.6 


12.8 


Two-lobed cells 

. . 15.1 


25.6 


Three-Iobed cells . 

. . 9.8 


13.6 


Four-lobed cells 

. . 2.3 


1.2 


Neutrophilic series . 


13.0 


9.4 

Mj'elocytes 

i.o 


0.0 


Metamyelocyte.s . 

. . 1.9 


0.0 


Staff cells .... 

. . 4.0 


2.6 


Polymorphonuclears . 

. . 6.1 


6.8 


Basophilic myelocytes . 

— 

0.4 


0.4 

Lymphocytes 


10.4 


^0 0 

Monocytes .... 


0.2 


0.6 

Red cell series 


10.2 


2 8 

Megaloblasts . 

. . 2.8 


1.2 


Pronormoblasts 

. . 3.7 


0.8 


Normoblasts . 

. . 3.7 


0.8 
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Lymph Nodes. The germ centers were hyperplastic and the lymph sinuses 
filled 'with lymphocytes. Eosinophils Avere present in very small numbers 
inside the node, though infiltrating heavily the pericapsular fascia. 



Fig. 3. — Photomicrograph (X 1000) of a typical periplieral blood smear, showing, 
the esentially normal mature appearance of the eosinopliils in tlie circulation. A poly-' 
morphonuclear neutrophil is included, demonstrating that the eosinophils are not 
unusually large. 

Fig. 4. — Photomicrograph (X 1000) of bone marrow aspirated Deeember 20, 1942. 
The larger leukocytes are eosinophil myelocytes, with granular cytoplasm and oval or 
indefinite nuclei. The nucleus of one cell is hyperchromatic. Tlie smaller leukocytes 
are more mature forms ha-\dng “staff” rod-shaped nuclei. Several lymphocytes, one 
polymorphonuclear neutrophil and one normoblast are also shown. 

Fig. 5. — Photomicrograph (X 100) of striated muscle showing leukemic infiltration of 
the tissue, most marked in the interfascicular fascia. 

Fig. 6. — Photomicrograph (X 100) of hypertrophied mucous membrane of sphenoid 
sinus. There is hea\’y infiltration of the interstices with leukemic cells. Study under 
higher power shows that many of the eosinophils present are immature and apparently 
proliferating in situ. 

Pejtnc Fascia. The connective tissue layers Avere broadened, haAnng a loose 
inucinoid stroma containing great numbers of infiltrating cells homogeneously 
distributed. About two-thirds of these cells Avere mature or nearly mature 
eosinophils. The majority of the remaining cells Avere larger, Avith round or 
oval nuclei of coarse chromatin structure and a relatiA^ety large amount of 
oxidase-positiA^e basophilic non-granular cytoplasm. The adult eosinophils 
took the fat stain in frozen sections Avhereas those less mature did not. 

Liver . The indiAudual hepatic cells Avere hj^iertrophied AvIth refractile^ 
^•anular cytoplasm. Many eosinophils lay Avithin the sinusoidal spaces and 
the connectWe tissue. 

Spleen. The Malpighian follicles Avere .small and not numerous; their 
centers Averc not hyperplastic. The leukocytic elements of the pulj) appeared 
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somewhat increased. Large numbers of eosinophils were scattered through the 
sinuses and pulp spaces, most abundant about the periphery of the lymph 
follicles. The majority of the eosinophils were mature cells, though occasional 
ones were myelocytes or metamyelocytes. 

Bone Marrow. Ribs, vertebrae, sternum, pelvis and skull were identical, 
with highly cellular marrow spaces and uninvolved trabeculae. The great 
majority of the myeloid cells were eosinophils with morphology and age dis- 
tribution essentially the same as in the aspiration counts given in Table 3. 
Other cells wdth agranular cytoplasm Avere present in moderate numbers, 
uniformly mixed (Fig. 4). 

Ilio-psoas and Thigh Muscles. Many muscle bundles Avere penetrated or 
compressed by infiltrating areolar tissue. The cells in this invading tissue 
consisted of eosinophilic granule-containing cells and younger presumably 
immature eosinophils (Fig. 5). 

Sphenoid Sinus. The mucous membrane was throAvn up in hyperplastic 
folds 5 to 20 times thicker than normal. The mucous membrane matrix was 
composed of loose areolar mucinoid connective tissue, rich in young thin- 
walled capillaries and heavily infiltrated Avith eosinophilic leukocytes of all 
ages. Neutrophils and lymphocytes w'ere uncommon. The sinus contents 
consisted largely of mucus, infiltrated Avith degenerated unidentifiable leuko- 
cytes (Fig. 6). 

Gastro-intestinal Tract. Eosinophils of A^arious ages had densely infiltrated 
all layers of the stomach, the submucous and muscular coats being several 
times normal thickness. No changes were noted in the intestine apart from 
sporadic eosinophils. These cells Avere abundant also in the retroduodenal 
fascia. 

Diaphragm. The subserosal connective^ tissue on each aspect and many of 
the interfascicular layers were infiltrated with eosinophilic cells. 

Right Femoral Nerve. Fibers and sheaths As-ere intact, but the enveloping 
fascia Avere heaAuly infiltrated. 

Pathologic Diagnosis. Chronic eosinophilic leukemia, Avith eosinophilic 
infiltration of bone marrow, thighs, back muscles, stomach, saliA'ary glands, 
pelvis, lymph nodes, lungs, nasal mucous membranes, femoral nerve, and other 
tissues; enlargement of the Iwer; chronic sinusitis; chronic pneumonia and 
bronchiectasis; emaciation. 

Discussion.— This boy Avas judged to haA'e had chronic myelogenous 
leukemia, eosinophilic variety, inasmuch as he shoAA’ed the major 
nosologic manifestations of leukemia agreed upon by current authori- 
tative opinion.® He suffered from Aveakness, cachexia and loss 
of Aveight progressing to a fatal outcome; the leukocyte count Avas 
extremely high (126,000 to 194,000 cells per c.mm.); 80 to 92% of the 
Avhite eells in the eirculation Avere eosinophils, nearly all mature, to be 
sure, though occasional young or abnormal forms Avere demonstrable; 
the bone marroAv, lymph nodes, pelvic fascia, thigh and back muscles, 
salivary glands, lungs, stomach, nasal mucous membrane and other 
tissues AA’ere infiltrated with myeloid accumulations of eosinophils. 
None of tlie other disorders Avhicli may give rise to high eosinophilia 
Avere knoAvn to be present in this patient. An interesting clinical phe- 
nomenon Avas the presence on tAvo occasions of hypoproteinemia Avith 
dependent edema, proliaiily secondary to dysfunction of the enlarged 
liver, and prompt relief of tliese symptoms by intravenous administra- 
tion of blood plasma. That such other findings as splenomegaly, 
marked anemia, architectural destruction of' spleen and Ijnnph nodes, 
hemorrhages, and thrombocytopenia Avere absent does not seem of 
sufficient significance to invalidate the diagnosis; these features are 
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not universal in any variety of human leukemia. Even though observed 
symptoms dated back but 5 months, the absence of anemia, the per- 
sistence of the platelets at or near a normal level, and the failure of the 
marrow to show infiltration with primitive blast forms, suggest that 
this case be classed as chronic or subacute, rather than as acute, 
leukemia. 

A survey of 12 somewhat similar cases that have been reported as 
eosinophil leukemia, along with the instance here reported, brings out 
certain significant features (Table 4). Twelve were males. The ages 
ranged from 11 to 48 years, though 5 were under 20 when symptoms 
began. Four cases were acute, 8 chronic including the present case, 
and 1 unclassified. Weakness was complained of by 7, prostration by 
3 and gastro-intestinal disturbances by 5. Lymph node enlargement 
was noted in 10, with 2 others displaying this at necropsy. Ten had 
splenomegaly clinically and this was found at necropsy in 1 additional 
case. Hepatomegaly was present in 8, and hemorrhagic manifestations 
in 5. Five were edematous. Fever was not encountered. Attempts 
at therapy consisted of irradiation in 1 case, small doses of Fowler’s 
solution in 1, splenic extract in 1, and 2 splenectomies. Irradiation 
and Fowler’s solution caused marked decrease in the leukoc34;osis. 
Splenectomy was follow^ed by increase in the number of leukocytes 
though with some clinical improvement. Death was usually from 
exhaustion. 

As for the blood, 10 out of 12 cases showed anemia during some 
portion of the disease, usually terminally, though the anemia was 
severe only in 2. Platelet counts were performed in 2 of the acute 
cases, one value being 69,000 per c.mm.,^® the other less than 5000.® 
In the 4 cases of chronic leukemia where recorded the values ranged 
from 140,000 to 360,000. The total "white count was nearly always 
high, every case except one® (16,000) having been at one time or another 
between 65,000 and 312,000 per c.mm.; no instances of transient 
depression of the total count with an interval phase of aleukemic 
leukemia were encountered. The mature eosinophils were as a rule 
typical, with segmented nuclei and densely retractile granules. Several 
autliors commented that the adult cells seemed unusually large, but 
this distinction must be made wnth care since the diameter of leuko- 
C 3 i;es in blood films depends to great extent on the thickness of the 
smear. Vacuoles in the cytoplasm and granules of irregular size and 
abundance have been described. In the patient here reported, the 
adult eosinophils were of normal appearance, but in the myelocytes 
and metamyelocytes the quantity and maturity of the eosinopliilic 
granulations were not always in the same stage of maturity as were 
the nuclei. Thus, for example, cells having the nearly mature rod-like 
nucleus ol the stall cell type often contained but few immature eosino- 
philic and basophilic granules, grouped in one portion of the basophilic 
cytoplasm. The most common hematologic change has been the migra- 
tion of immature cell forms— myelocytes, metamyelocytes and stab 
cells into the blood stream. Infrequently, these have been numerous, 
up to 73 % of the total eosinophils on one count in Forkner’s patient. In 
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another unusual case*® 80% of the circulating leukocytes were judged 
to be primitive myeloblast forms. In several other instances immature 
cells represented 0.5 to 5 % of tlie differential count. However, in 
fully half of the cases no immature cells were seen in the circulating 
blood. 

Pathologically, organ infiltration by proliferating eosinophilic mye- 
loid tissue was noted in Ijonph nodes and spleen in 9 cases, in kidneys 
4 times, and invariably in the bone marrow when studied. Pulmonary 
infiltrations were observed in 6 instances; the Roentgen appearance of 
these resembled tuberculosis or chronic lung infections. The present 
patient had heavy invasion of many body structures by eosinophils 
but a negligible degree of infiltration into the spleen. One other 
patient in addition to ours— Drennan and Biggart’s'* 15 year old boy- 
showed a pelvic mass and involvement of the psoas and leg muscula- 
ture. Myocardial dilatation with formation of antemortem thrombi 
within the heart was noted 4 times; Shapiro's*® case had leukemic 
infiltration of the heart muscle and Giffin’s'* showed chronic obliterative 
pericarditis. In the case here reported many eosinophils were present 
in the alveolar exudate of chronic pneumonia, in the mucopurulent 
secretion of bronchiectasis and sinusitis, and in the thickened mucous 
membrane of obstructed nasal accessory sinuses. The appearance of 
the exudate suggested that the eosinophils in these areas were actively 
participating as phagocjdic agents of chronic inflammation. 

The eosinophil is known to be a tj^ie of cell which proliferates readily 
in the presence of a wide diversity of constitutional disorders. Hence 
it is unexpected to find this cell more resistant to the inciting agent of 
leukemia, whatever that may be, than nearly every other kind of 
leukocyte in the circulation, as attested by the great paucity of such 
cases on record. Consequently, every patient with prolonged per- 
sistent eosinophilia suspected of having leukemia should receive 
exhaustive study to rule out other known causes of this blood reaction. 
Even eosinophilic myeloid hjqjerplasia or infiltration of eosinophils 
into biopsied Ijnnph nodes are not in themselves pathognomonic signs 
of leukemia, for, as Bass- experienced, these findings can persist for 
months in chronic eosinophilia, and then later fade away. Indeed 
medical progress may disclose some day that clinical pictures of the 
type discussed here have an infectious rather than a neoplastic origin, 
and should be classed among the inflammations rather than as leukemia. 

Summary. — A case of leukemia in an 11 year old colored male is 
presented. Clinically there was weakness, emaciation, chronic cough, 
generalized enlargement of the lymph nodes of the head and neck, 
hepatomegaly, dependent edema, leukocjdosis up to 194,000 cells per 
c.mm., eosinophilia ranging from 80 to 90% with nearly all mature 
cells, and decrease in total proteins with inversion of the albumin/glob- 
ulin ratio. Necropsy demonstrated increase of mature and immature 
eosinophils in the bone marrow, with infiltration into lymph nodes, 
pelvic fascia, thigh and back muscles, salivary glands, lungs, stomach, 
nasal mucous membrane and other tissues. The spleen was but slightly 
involved. This instance and 12 others found in the hematologic 
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literature seem to be best characterized as manifestations of leukemic 
overgrowth of the eosinophil blood cells, though admittedly the noso- 
logic basis for this interpretation rests solely on morphologic evidence. 
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RECEIVING GOLD SALT THERAPY AND 
DURING PREGNANCY 

By Theodore B. Bayles, M.D.* 

RESEAIICH FEEEOW, ROBERT BRECK BRIGHAM HOSRITAE; JUNIOR ASSISTANT IN 
MEDICINE, HARVARD MEDICAE SCHOOE 
AND 

Charlotte B. Riddell 

research technician, ROBERT BRECK BRIGHAM HOSPITAL 
BOSTON, MASS. 

(From the Medical Service, Robert Breck Brigliam Hospital) 

Rheum.vtoid arthritis has been studied from innumerable points of 
view and recently certain pathologic and physiologic states which 
greatly modify this disease have been clarified. Jaundice and preg- 
nancy are the outstanding conditions which cause, in most instances, 
an about face in the course of this disease. Hench*®-'" has reviewed 
the liistorical background of the effect of both these factors and pre- 
sented a clinical analysis of 16 patients with rheumatoid arthritis who 
have become pregnant during tlieir disease. Fifteen of these “ experi- 
enced striking, generally complete, relief during pregnancy and for 
variable periods thereafter.” Eleven patients with rheumatoid arthri- 
tis who became pregnant have been studied at this hospital.* Ten of 
these noted marked relief of pain and diminution in swelling during 
the pregnancy. As in Ilench’s group, most of our patients noticed 
the ameliorative effect before the .3rd month and this continued until 
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at least 1 month after delivery and usually longer. Others have made ' 
the same observations in scattered cases of pregnancy in rheumatoid 
arthritics. Two important additions to the problem of study and 
treatment of rheumatoid arthritis stem from these observations. 
First, the course of rheumatoid arthritis can be dramatically altered 
and apparently temporarily reversed by changes in the total metab- 
olism of the body brought about by such pathologic or physiologic 
states as jaundice and pregnancy; second, nature has provided a sign- 
post which points to a new direction for the investigation of this disease. 

Pregnancy produces protean physiologic changes which might be 
studied in patients with rheumatoid arthritis. We have observed the 
lack of therapeutic response in female arthritic patients receiving 
massive doses of the best known hormones of pregnancy (estrogens, 
progestins and chorionic gonadotropin) administered singly and 
together.^ A review of the physiologic changes in pregnancy that 
might be the cause of the ameliorative effect revealed that one of the 
most profound chemical changes was that of a great increase in plasma 
lipids.®'^^'^® In view of the lipemia of obstructive jaundice,®'®’^°’“'*'‘^ 
this fact seemed peculiarly interesting. 

The lipemia of pregnancy is due almost entirely to an increase in 
plasma lipids, the red cells showing but little change. The neutral 
fat of the plasma begins to increase in the first trimester, while phos- 
pholipid and cholesterol rise in the second trimester. At term phospho- 
lipid and free cholesterol are each increased 25 % and neutral fat over 
100% over their value in non-pregnant women. The lipemia revealed 
no shift in lipid ratios and the iodine numbers of the fatty acids in- 
volved indicate no change in their composition; while in birds estro- 
genic substances have been shown to increase the blood lipid levels, '' 
and Convin^^ has been able to produce a sustained hjqjerlipemia 
in dogs by feeding phospholipids. Attempts to produce lipemia in 
humans have been unsuccessful and the actual cause of lipemia in 
pregnancy is yet to be disclosed. Boyd^ lists 15 causes for the lipemia 
of pregnancy, none of which is proven by experimental data. Likewise 
the increase in blood lipids in obstructive jaundice, untreated diabetes 
mellitus and severe anemia is unexplained. 

Freyberg and his associates’ have published a study in which they 
compared the partitioned plasma lipids in obstructive jaundice and in 
patients with rheumatoid arthritis to determine if the increase in serum 
lipids in the former condition could account for the beneficial effect 
of jaundice in rheumatoid arthritis. They confirmed previous stud- 
iesi3.i8.i9 total serum lipids and its fractions are normal in patients 
with rheumatoid arthritis and concluded that jaundice is not beneficial 
to arthritic patients by reason of correcting a lipid deficiency, but it is 
possible that the extremely high levels of total lipids, phospholipids 
and total and free cholesterol which are present in jaundice may be 
a factor in causing the beneficial effect of jaundice on arthritis. These 
workers did not confirm the work of Bruger et who reported a 

decrease in total cholesterol with a normal ratio of free cholesterol to 
cholesterol ester. 
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In order to extend these studies and determine if tliere was any 
peculiarity in the lipemia of pregnant arthritics as compared to normal 
pregnancy, we have studied 3 groups of patients with active rheuma- 
toid arthritis: (a) those receiving standard non-specific therapj’-; (6) 
those receiving the former with added gold salt therapy; and (c) 
arthritics during pregnancy and after delivery. The patients receiving 
gold salt therapy (Group h) were included to see if this form of treat- 
ment, thought by some workers to be helpful, shifted the plasma lipids 
in any way. 

Procedure. Plasma lipid studies were made on 21 patients^ with active 
rheumatoid arthritis as manifested by painful swelling of the joints, anemia, 
weight loss and increased erythrocyte sedimentation rate, 10 of whom (Group a) 
received non-specific treatment and 11 the same regime with added gold salt 
therapy (Group b) . In the latter group serial observations were made in the 
course of treatment — usually at the beginning, halfway through (after admin- 
istration of approximately 500 mg. of the gold salt), and at the end of treat- 
ment (after 1000 mg. of gold salt). In the presence of no specific blood 
dyscrasia, with normal urinary findings, and in the absence of a history of 
kidney or liver disease, or of a sensitivity to drugs, these patients received 
one 25 mg. dose, one 50 mg. dose and 19 weekl}’^ doses of 100 mg. each of a 
soluble intramuscular preparation (gold content, 50%). This gave a total of 
1975 mg. over a period of 21 weeks. All the patients were hospitalized for 
this therapy. 

Four pregnant rheumatoid arthritics (Group c) were studied, 3 prepartum 
and postpartum and 1 during pregnancy. All 4 had activity at the time of 
conception and enjoyed freedom from arthritic symptoms from 3 months 
pregnant to a month or more after delivery. 

All blood samples were taken after a 15-hour fasting period. The diets of 
the few out-patients studied were all normal and the remainder (over 90%) 
had been on the standard house diet of the Robert Breck Brigham Hospital 
for days or weeks before the sample was taken. Clinical and laboratory 
studies ruled out hypothyroid, diabetic, nephritic and hemorrhagic lipemia. 

Chemical Methods. According to the method of Bloor,'* a filtrate of an 
alcohol ether extract was prepared from 2 cc. of plasma. Aliquots of this 
filtrate were used for the determination of various lipid fractions. Total lipid 
and cholesterol were obtained by the sulfuric acid-dichromate oxidation 
method. Phospholipid phosphorus was determined in duplicate by an un- 
published modification of the Fiske-Subbarow aminonaphthol-sulfonic acid- 
phosphate method adapted to the Klett photoelectric colorimeter.” The 
cholesterol ester value was determined by calculation using 68% of total 
cholesterol, since in normals,^” rheumatoid arthritics^-'®'”-'^-*®'” and preg- 
nant women^’2^ this figure has been found to obtain. Total fatty^ acids, total 
phospholipid, phospholipid fatty acid, cholesterol ester fatty acid, neutral 
fatty acid, neutral fat and the lipid ratios were calculated.' 

Results and Comments. Table 1 gives the results of the analyses 
done on a series of rheumatoid arthritic patients receiving non-specific 
treatment (Group a), and on a second series receiving gold salt therapy 
(Group h). The total lipid values in the patients without gold salt 
therapy (Group a) and in the Group b patients before gold salt therapy 
varied from 306 to 611 mg. per 100 cc. of plasma. Plasma total 
cholesterol varied from 110 to 217 mg. per 100 cc., averaging 151; the 
phospholipid range was from 169 to 250. These figures and the other 
calculated lipid constituents and ratios are within the well-established 
limits for normal subjects and for patients with rheumatoid arth- 

ritis.3.13.18,19 
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Tablk 1.— Plasma Lipids in Rheumatoid Akthiiitics During Gold Salt Theuapy (Results in Mq. per 100 Cc. or Plasma) 
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Gold salt therapy had startlingly little effect on partitioned plasma 
lipids, as shown in Table 1. Total lipids increased in 6 patients an 
average of 76 mg. per cc. and decreased in 5 an average of 35. Total 
cholesterol increased in 6 an average of 30 mg. per cc. and decreased 
in 5 an average of 23. Phospholipid values increased an average of 
17 mg. per cc. in 6 patients and decreased an average of 21 in 5 patients. 
Calculated lipid constituents and ratios were unaltered during gold 
salt therapy. Apparent or real clinical improvement in patients 
during gold salt therapy was not correlated in any way with the 
individual plasma lipid changes noted in Table 1. It is not the pur- 
pose of this paper either to defend or abuse gold salt therapy in rheu- 
matoid arthritis; but if it is a useful medicament in this disease, it can 
be seen from our results that the ameliorative effect is not brought 
about by a significant shift in the plasma lipids. 

The changes in plasma lipids in rheumatoid arthritics during preg- 
nancy (Group c) are shown in Table 2. Total lipids in 28 to 32 weeks 
of pregnancy had increased 26, 33, 42 and 50% in our cases. Schwarz 
et al?^ have found a variation of from 34 to 122% increase of total 
lipids at term, in their study of the development of lipemia during 
pregnancy, and point out in their paper that this increase is progres- 
sive and at a relatively constant rate. This would indicate that at 
term the total lipids in our patients would be within the range of the 
lipemia of pregnancy in normal subjects. The total cholesterol 
increase was 7, 10, 41 and 46% in our patients. - This can be com- 
pared with Schwarz ei al. who found a variation of 8 to 136% increase 
at term, and Boyd^ who reports a 25% average increase. These data 
indicate no unusual shift in total cholesterol in the pregnant arthritic. 
In our patients the phospholipid change was -f-7, 11, 16 and 45%, 
compared with Schwarz et al. who found a range of 20 to 160% increase 
at term, and Boyd’s figure was a 25% average rise for this substance 
at term. Thus, the phospholipid shift was not unusual by actual 
measurement in pregnant rheumatoid arthritics. The calculated lipid 
substances and ratios shown in Table 2 show no unusual changes 
during pregnancy in rheumatoid arthritis as compared to those found 
during pregnancy in a normal subject.^ 

l^Tiile the ameliorative effect of pregnancy on rheumatoid arthritis 
is nearly as great as that of obstructive jaundice, it can be seen from 
our figures and those of others that the total lipid increases during 
pregnancy are minimal as compared to the profound lipid disturbance 
in obstructive jaundice.®’®'^''®-^^-^® In this latter condition Freyberg® 
found the total serum lipids are increased about 300%. The total 
cholesterol increased approximately 75%, with free cholesterol rising’ 
3 to 4 times normal and the ester value remaining relatively unchanged. 
Phospholipids increased 200%. 

If we compare these fibres with those in the lipemia of pregnancy, 
the total cholesterol rise is seen to be only one-third that of jaundice 
with no change in the free/ester ratio. In this respect it differs greatly 
from the lipemia of jaundice, in which the hypercholesterolemia is 
almost entirely due to a great increase in free cholesterol with the esters 
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either remaining unchanged or below normal. Since the ameliorative 
effect of jaundice and pregnancy on rheumatoid arthritis is qualitatively 
the same, the difference in cholesterol metabolism in these two condi- 
tions cannot be invoked as the answer to the problem, and is probably 
unrelated to the favorable effect. 

The total plasma lipid rise in pregnancy is roughly one-third that 
found in jaundice and the phospholipids rise only a fraction as much 
in pregnancy as in jaundice. From these facts it ma^^ be concluded 
that while the rise in plasma lipids is common to jaundice and preg- 
nancy, and while both improve rheumatoid arthritis, the magnitude 
of the plasma lipid level beyond a certain point is not contributory. 
Some observers feel that the improvement noted with pregnancj^ does 
not occur as regularly or as completely as with obstructive jaundice. 
In two such widely divergent states as jaundice and pregnancy with 
their many physiologic facets, the common lipemia may be the amelio- 
rative factor in botli conditions, in one, or in neither state. Further, 
an intimate disturbance in lipid metabolism maj" exist in these two 
conditions which is not mirrored by the relatively crude measurement 
of plasma lipids. We hope to investigate this latter potentiality. 

Summary. In patients with active rheumatoid arthritis, the total 
lipid, the total cholesterol and phospholipid plasma content is normal; 
the calculated lipids and lipid ratios are normal. 

The plasma lipid constituents and ratios of rheumatoid arthritics 
studied during gold salt therapy showed little change during the 
administration of this medicament. 

The lipemia of pregnancj'- in patients with active rheumatoid arthritis 
is qualitatively and quantitatively similar to that of normal pregnant 
subjects. From the data in this paper it can be concluded tliat the 
ameliorative effect of pregnancy on rheumatoid arthritis is not depen- 
dent upon a correction of a lipid deficiency nor a shift in lipid ratios 
which is different in anj' way from that found in normal subjects during 
pregnancy. 

The differences and the similarities of the lipemias of jaundice and 
of pregnancy have been delineated, from which it is concluded that the 
remission produced in rheumatoid arthritis by these two conditions is 
not brought about by the magnitude of the lipemia nor the inherent 
differences in cholesterol metabolism. The common ameliorative 
effect remains unexplained. 
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SICKLEMIA IN THE BLACK CARIB INDIAN* 

By Thomas Hodge McGavack, M.D. 

ASSOCIATE PROFESSOR OF MEDICINE 
AND 

William IMcKee German, M.D, 

associate professor of pathology 

(From the Department of Medicine, New Y'ork Medical College, and the Department of 
Pathology, College of Medicine, Univ. of Cincinnati) 

Sickle cell anemia is undoubtedly “the most common primary 
blood dyscrasia in negro hospital patients” of the southern United 
States, t Moreover, the sickle cell trait is seen in a high percentage of 
apparently normal negroes in this country, the actual figures varying 
with the individual investigator from 5.3%^® to 14%^* with an accepted 
average of about 7.5 %. No studies of the sickling phenomenon appear 
to have been made on groups of negroes outside the United States, f 
The present report deals with a people who seem to have preserved 
wholly their integrity as a colored race, and among whom no cases of 
active sickle cell anemia have been identified in the hospital during the 
past 30-odd years. 

Carib Indians at the San Juan village, 5 miles from the Tela Rail- 
road Hospital at Tela, Honduras, were subjects of the present investiga- 
tion. We were fortunate in receiving our introduction to them through 
one of their number who has attempted some detailed study of their 

* The.se studies were carried out at Tela Hospital, Honduras, through the joint 
cooperation of the New York Medical College and the Univ. of Cincinnati, and under the 
auspices of the Association of American Medical Colleges and the John and Mary R. 
Markle Foundation. Appreciation for courtesy and help extended is also due Dr. Lau- 
rence A. Drennan, Chief of Staff, Tela Hospital, Honduras, .and Mr. I. A. Dulsky, 
Director of LalK)ratories at. tlu» same institution. t 

t Since this manuscript was submitted for publication, an iiK'ideuce of 15.5% sickling 
in physically fit, and 25% in sickly male W^est African soldiers has been observed by 
Evans (Evans, R. W.; The Sickling Phenomenon in the Blood of West African Natives, 
Trans. Roy. Trop. Med. and Hyg., 37,‘ 281, 1944). Abstr.— Biol. Abstr., 18, 1171, 1944. 

.4 second report (Mera, B.; Preliminares des estudio de la meniscooitemia en Colombia, 
Ilol. of San Panameiicana. 22, 680, 1943; Ab.str., Trop. Dis. Bull., 41. 420, 1944) has 
just appeared stating that, of 489 negro school children c.xamined in Puerto Tejada, 
Colombia, 46 (9.4%) proved positive for the presence of sickle cells. Of these, approxi- 
mately 00% had sickle cell .anemia, and the remaining 40%, the .sickle cell trait. 
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origin. He recognizes 2 varieties of Caribs, the red and the black, and 
is sustained in this viewpoint by most authorities on the subject.i’®'^'^®'^® 

Any exhaustive discussion of the origin of these 2 groups of Caribs 
is far outside the scope of this report. As a matter of fact, very little 
ethnologic consideration seems to have been accorded them. Ken- 
nedy/® Taylor/® Karsten,“ and Currier® seem to be fairly well agreed, 
however, that the progenitors of these peoples came across the Atlantic 
from Africa, probably in sailboats of their own making, and apparently 
long before Columbus’ epoch-making first vo^aige. They are still 
liardy sailors and are reputed to be the first peoples in tlie Western 
Hemisphere to use the sail as a means of power for propelling a boat. 
Ta3dor^® describes the intermixture of the black Carib sailor and the 
Indian rvoman of the shores he invaded with the resultant dcA’^elopment 
of the Wpe to which the term red Carib has been given. Kennedy 
emphasizes the puritj’’ of the black Carib who apparently continued to 
hold himself apart from anj'^ peoples with whom he came in contact. It 
is upon the blood of the black Carib that the present studies were made. 

Some knowledge of his customs and moral standards only serves to 
emphasize the manner in which he has kept himself apart from all 
other people with whom he has come in contact.^'* The puritj' of his 
African ancestry is well demonstrated in the accompanjdng pliotograph 
which is an “at random” picture (Fig. 1). His features are character- 
istically negroid and without resemblance to other Indian tribes of 
North or South America. There is a heavy head of kinlij’’, wooly, jet 
black hair. The skin varies in color from a chocolate brown to black, 
more commonlj’' the latter. The forehead is wide; the ej^es are keen 
with muddy yellowish (fatty) deposits in the sclerie; only occasionally 
are the cheek bones prominent; the nose is thick and flattened; the 
mouth is large, the lips thick, and the teeth well set and well preserved. 
Prognathism is not uncommon. Indeed, his resemblance to the African 
protot^Tpe is much more striking than that of his North American 
brother. 


Material and Methods of Study. Of the 350 Carili Indians comprising the 
population of San Juan Village, Honduras, 300 were u.sed as subjects. Of 
these, 133 were males, and 167 females. Their ages ranged from 4 months -to 
86 years, and are distributed numerically as follows; 


Table 1, — Age Distbibution of Sickling. 


Years of age 

No. of 
individuals 

Individuals showing 
sickUnR 

No. % 

0 to 4 

. . 42 

.5 

11.9 

5 to 10 

. . 42 

7 

10.7 

10 to 19 

. . 70 

4 

5.2 

20 to 29 

. . 47 

5 

10.0 

SO to 39 ... 

. . 40 

2 

4 4 

40 to 49 . . . 

■ . .20 

0 


50 to 59 . , . 

. . 14 

1 

7.1 

00 to 09 

7 ■ 

0 

70 to 79 

2 

0 


SO to S9 . . . 

. . 4 

0 



— 




Total .... 

. . 300 

24 

S.O 


Blood smears were prepared on coverslips in the ordinarv manner 
following puncture of tlie finger pad. They were then mounted on 
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microscopic slides and ringed with petrolatum to prevent drying. The 
slides were allowed to stand at room temperature (diurnal range from 
72° to 87° F.) and were examined for sickling at approximately 2 , 5, 
18 and 24 hours after they were obtained. Re.sickling tests were 
carried out in a representative number, and in all instances in which 
there was doubt as' to the cliange originally observed. Smears in 
which .the cells failed to assume a characteristic form in this second 
trial Avere discarded as negative. 

One hundred and thirty of the test subjects Avere questioned in 
regard to symptoms AA'hich might suggest that they had had acute 
episodes of sickle cell anemia. Specific questions Avere asked involving 
the recurrence, duration and severity of (a) joint and muscle pains, 
(5) “yelloAV eye-balls,” (c) fever, and (d) abdominal pain. All persons 
Avith positiA'e smears Avere interAucAved at greater length. 

Results. TAventy-four of the 300 individuals (8%), exhibited the 
sickling phenomenon in their red blood cells. The figures regarding 
age distribution are tabulated in Table 1 , and those relating to sex and 
“sickling time,” in Table 2. 


Table 2. — Time of the Appearance of Sickling 
Positive .smears 



Male 


r'emnie 


Hours 

"~No. 

% 

No. 

% 

Total 

2 . . 

. . 1 

0 7 

3 

1.8 

4 

5 . . 

. . 1 

0.7 

3 

1.8 

4 

IS . . 

. . 5 

3.7 

9 

5 4 

14 

24 . . 

. . 9 

0.7 

' 15 

9.0 

24 


Sickling Avas observed in 9 of 133 males (6.7%), and in 15 of 167 
females (9%). It Avas impossible to look for sickling immediately, but 
the loAv number of positiA-es at the end of 2 Itours and the statement 
of the director of the laboratories of the hospital that he had neA'^er 
seen sickling on ordinary blood smears Avould support the contention 
that the phenomenon is a rather latent trait among the group of 
peoples studied. The largest number (7) and the highest percentage 
(16.7) of positive smears occurred ip the group betAveen 5 and 10 
years of age; in persons over 60 years old, the phenomenon Avas not 
obserA^ed; but neither of these A'^ariations is statistically significant. 

Four of the 24 persons Avho shoAvs sickled cells gave a history com- 
patible Avith preAoous acute episodes of sickle cell anemia. HoAveA'^er, 
in only 1 of these, a Avoman of 25 years, had icterus eA’^er been noted. 
This had occurred but once at the age of 24, and Avas of such degree 
and character as to indicate definitely an attack of catarrhal jaundice 
rather than a crisis of the specific anemia. Histories Avere extremely 
difficult to CA'aluate in A’ieAv of the preA'^alence of malaria and of in- 
testinal parasites, either or both of Avhich may produce disturbances 
syrnptomatically indistinguishable from the clinical syndrome found 
in sickle cell anemia. 

^ Discission. The present Avork Avas prompted by the following con- 
siderations: (1) The black Carib is a negro of relatiA’^ely pure strain; 
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(2) sickling lias not been studied in the tropics, nor indeed in negrop 
outside the United States; (3) the presence of sickle cell anemia in 
people not of the negro race has shown the necessity for careful evalu- 
ation of the statement that the disease arises from a hereditary racial 
trait; and (4) through 30-odd years, the records of one hospital in 
which Caribs are not infrequently patients fail to disclose a single 
case of identified sickle cell anemia. 

1. The black Carib is a negro of relativelj' pure strain. We have 
adduced some evidence for this statement above; further pursuit of 
the subject can best be had by reference to Kennedy’s article,^® the 
conclusions in which are based upon both the author’s personal observa- 
tions and the writings of his contemporary and antecedent historians. 



Fig. 1. — Group of Carib children, San Juan Village, Tela, Honduras. 


2. Negroes outside the United States have not been previously 
studied for the sickling trait. It seemed important to do this, as tlie 
past emphasis upon the racial limitation of the disease has precluded 
any recognition of the possible influence of climate, habits of eating and 
living, the admixture of white or other blood, the presence or absence 
of intercurrent or concurrent disease, and so forth. The results 
obtained tend to support the race-linked character of the condition, 
for sickling was observed in 8% of the individuals tested, which is in 
close accord for such a small series with the average figure (7.5%) 
obtained on large numbers of persons studied in this country. More- 
over, the sickling trait appears to be most prominent in the age groups 
at which the onset of sickle cell anemia has been observed in this 
country, between birth and 10 years, with an average of 6.3 years as 
determined by the review of 214 cases.^® 

3. Sicklemia and sickle cell anemia apparently occur in peoples not 
of the negro race, though, as has often been pointed out, it is prac- 
tically impossible to exclude negro admixture absolutely, i. e., to the 
extent required by the geneticist. Sickle cell anemia has been described 
in 26 Caucasians of birth or parentage as noted below. These include 
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14 persons of Sicilian or souther Italian origin;“’^'®’i‘’-“'i°’-“--i'---‘® an 
Arab boy;^ 5 Greek children 1 Mexican Indian in whom negro 
blood seems to have been excluded;-® 1 Cuban in whom negro blood 
may have existed and 4 persons whose families have been established 
in the United States for several generations.'* When the cases are 
discarded in which there is doubt as to the diagnosis or the presence of 
negro blood in the immediate family, there remain 22 white patients 
with sickle cell anemia. Not only has active sickle cell anemia been 
noted in the white, but also the sickle cell trait has been observed among 
Indians who have had little opportunity for mixing with the negro. 
Killingsworth and Wallace*® found sicklemia in 1.2 % of female Mexican 
Indians but none among the men of the same tribe. These facts place 
the entire concept of race linkage in jeopardjc 

On the other hand, the present study carried out in a tropical 
environment and on a hitherto unstudied tribe of African origin has 
yielded results so closely in accord with those obtained on North 
American negroes as to support strongly the hereditary racial character 
of the disease, despite its sporadic appearance in individuals who fail 
to show negroid characteristics or family histories. 

4. No cases of siclde cell anemia have been recognized during the 
past 30-odd years among “not infrequent” admissions of Carib Indians 
to a competently staffed hospital. That cases were not overlooked seems 
to be supported by the fact that but 4 of 130 persons interviewed 
afforded any semblance of a history suggestive of acute attacks of the 
disease, whereas, 24 of these individuals exhibited the sickling phe- 
nomenon. However, it is extremely easy to overlook the disease. Of 
214 reported cases, a mistaken diagnosis was made in 97, or 45.3%, 
and operations were performed on the basis of such diagnoses in 21 
instances.*® Further, the Carib is a very stoical individual, little 
giving to nursing his ills. It is well known that he almost never seeks 
outside medical care for malaria or intestinal disorders. It seems quite 
likely that by the same token he uses tlie tribal “doctor” or tradition- 
ally recommended herbs during his crises from sickle cell anemia. 

On the other hand, do conditions in the tropics preclude the appear- 
ance of crises in people wdiose red blood cells carry the sickling trait? 
It seems unlikely that this question can be answered in the affirmative, 
as it has been shown by a number of investigators that the difference 
between sicklemia and sickle cell anemia is probably one of degree 
rather than one of kind. In both conditions the alterations occurring 
in the red cell are directly related to the oxygen tension and the hydro- 
gen-ion concentration of the blood and tissues. There is little evidence 
to suggest that climatic conditions would seriously affect these factors. 

Sununary. — In wet, unstained preparations, the red blood cells of 
24 of 300 Carib Indians of Honduras, Central America, showed the 
sickling phenomenon within a period of 24 hours. The sex iind age 
incidence are noted. None of the individuals who showed sickling 
could be proved to have had active episodes of sickle cell anemia at 
any period of life. The significance of the findings is discussed, par- 
ticularly in relation to the hereditary racial nature of the disease and 



the sickling trait, and the envh’oinnental influences which may play a 
part in precipitating tire crises. 
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ARTERIOSCLEROTIC AND HYPERTENSIVE HEART DISEASE 
WITH RIGHT AXIS DEVIATION* 

By a. H. Trabm, M.D. 

■WASHINGTON. H. C. 

(From the Cardiovascular Research Unit, Veterans Administration Facility) 

The purpose of this study was to determine the prognostic signifi- 
cance of right axis deviation among patients with arteriosclerotic and 
hypertensive heart disease. 

Material. Twenty-six patients with definite historical, clinical or 
necropsy evidence of eitlier arteriosclerotic or hypertensive heart dis- 
ease were used as the basis for this study. These cases were selected 
from 259 instances of right axis deviation found in the review of the 
electrocardiograms of 10,500 patients, taken between the years 1936 
to 1944 at the Veterans Administration Facility, Washington, D. C. 
No patients were included in the analysis who revealed either clinical 

* Published with the permission of the Medieal Direetor of the Veterans’ Administra- 
tion, who assumes no responsibility for the opinions expressed or the conclusions drawn 
by the author. 



or autopsy evidence of rheumatic or congenital heart disease or cor 
pulmonale. 

Approximately 70% of all the cases of organic heart disease treated 
at this hospital during the years covered by this study were due to 
arteriosclerotic or hypertensive heart disease.” The majority of the 
patients predominantly male, were veterans of World War I with an 
average age, at this time, of slightly over .50 years. Thei'e were 
741 cases of hypertensive heart disease with 236 deaths, and 595 in- 
stances of arteriosclerotic heart disease with 119 deaths; of the total 
1336 patients, 355 (26.5%) died in the hospital. Among the arterio- 
sclerotic heart disease group, 241 patients were considered to have 
presented the clinical picture of a recent coronary thrombosis with 
myocardial infarction. 

The average age of the group of 24 white males and 2 white females 
with right axis deviation included in this study was 51.73 years, with 
an age range from 32 to 65 years. These 26 patients comprised 1.9% 
of the total group of arteriosclerotic and liypertensive heart disease. 
Twenty-two of these cases comprised 3.7% of the arteriosclerotic 
group, and the remaining 4 patients comprised 0.5% of those with 
hypertensive heart disease. A record of any previous elevation of 
blood pressure or a persistent blood pressure reading above 140 mm. Hg 
systolic or 90 mm. Hg diastolic was considered sufficient to diagnose 
the existence of arterial hj^Dertension. In the 4 cases of hypertensive 
heart disease encountered in this series the systolic and diastolic read- 
ings were well above these arbitrary limits. 

Twenty-four patients presented typical historical and clinical evi- 
dence, including characteristic electrocardiographic findings, of coro- 
nary thrombosis with myocardial infarction. On 19 occasions the 
electrocardiograms were rather typical of anterior wall infarction, and 
in 5 instances the electrocardiographic changes were characteristic of 
posterior wall infarction. In 2 cases the probable location of the myo- 
cardial damage could not be satisfactorily determined (Table 1). 

Cardiac enlargement was found by roentgenograph ic studies in onlj' 
5 cases. Four of these cases died during hospitalization and the 
clinical impression of cardiac enlargement, especially left ventricular 
hjT)ertrophy, was verified in the 3 cases that came to autopsy. In 21 
of the 26 patients studied, the heart Avas considered to be Avithin normal 
limits as to size. In appraising this finding, the transverse diameter 
of the heart, the cardio-thoracic ratio, general contour of the cardiac 
silhouette and the phase of respiration as seen on the roentgenograms, 
and the results of physical examinations Avere taken into consideration. 

Arbitrary criteria for the establishment of right axis deviation Avas 
adopted and closely folloAved. These criteria Avere: (a) S-1 must be 
larger than R-1 and E,-3 larger than 11-2; (6) the QRS conduction time 
must be within normal limits, namely, not greater than 0.1 second; 
and (c) the largest QRS complex should be greater than 0.5 milliA'^olt 
in amplitude. No grossly out-of-phase records Avere included in this 
study. All of the tracings considered as rcA’^ealing right axis deviation 
showed an angle aboA’c 96 degrees, and in all but 3 of the electro- 



cardiograms the angle was above 110 degrees as determined by the 
method of Dieuaide.^ 

Each patient at some one time revealed a right axis deviation. 
Nine individuals did not show a right axis deviation on the first electro- 
cardiogram taken; in S instances the electrical axis v'as normal and in 
1 a left axis deviation was present. Seventeen patients revealed a 
right axis deviation on the first available electrocardiogram, this find- 
ing persisting tliroughout the period of hospitalization in 14 instances; 
in 8 of these 14 patients there was no change whatsoever in the config- 
uration of the QRS complexes while there were changes in the ST seg- 
ments and T waves. In the entire group a right axis deviation was 
noted on only 1 tracing in 8 patients during a series of electrocardio- 
grams; on 4 occasions the right axis deviation noted was obtained on 
the last tracing of a series. 


Table 1.— Analysis of Clinical Findings in Hypertensive and Abtehiosclebotic 
Heart Disease With Right Axis Deviation 


Clinical findings 


Occlusion 


Site of 

occlusion Follow-up 


a 


O C S ~ 

<o c u .2.2 





C 

O 

0) «.• 

« toe 

'S'S 




t-> 

Cl 

a 

.2 S § 
■H=« 

a b 
o « 

Case No 

Age 

Sex 


O M/jji 


1 

32 

M 



4* 

2 

35 

M 



+ 

3* 

38 

M 

+ 

+ 

+ 

4 

42 

M 



4- 

5 

44 

M 



+ 

6t 

46 

M 

+ 

+ 

4- 

7 

46 

M 



+ 

8 

46 

M 



4- 

9 

48 

M 



4- 

10 

48 

M 



+ 

11 

50 

M 




12 

51 

M 



+ 

13 

52 

M 



+ 

14 

53 

M 




15 

54 

M 



+ 

16 

54 

M 



+ 

17 

56 

M 




18 

57 

M 



-i- 

19 

58 

M 



+ 

20t 

61 

F 




21 

61 

M 



+ 

22% 

61 

M 


+ 

+ 

23 

61 

M 


+ 

+ 

24% 

62 

M 

+ 

+ 

+ 

25 

64 

M 



+ 

20 

65 

F 



+ 

Totals 

26 

24 M 

4 

5 

24 



2 F 




Av. age 

51,73 





Range 

32 to 65 JTS. 





* Cardiac aneurysm, 
t Hemiplegia, 
i Autopsy. 


- d 


e 

o 

o 

o 

» 

■3 

o 

Anterior 

Posterior 

Cl 

Dead 

5 

rt 

3 

D 

4~ 


+ 


+ 


20 mos. 

+ 


+ 


+ 


15 mos. 


+ 

+ 


+ 


1 mo. 

+ 



+ 

+ 


26 mos. 

+ 


+ 


+ 


41 mo.s. 

+ 


+ 



+ 

51 mos. 


+ 

+ 


+ 


64 mos. 

+ 


+ 


+ 


22 mos. 


+ 


+ 

+ 


31 mos. 

+ 



+ 

+ 


51 mos. 


+ 

+ 


+ 


58 mos. 

+ 


+ 


+ 


35 mos. 

+ 


+ 


+ 


54 mos. 

+ 


+ 


+ 


50 mos. 

+ 


+ 


+ 


44 mo,s. 

+ 



+ 

+ 


22 mos. 



? 


+ 


7 mos. 

+ 


+ 


+ 


28 mos. 

+ 


+ 


+ 


23 mos. 



V 

? 

+ 


23 mos. 


+ 

+ 


+ 


79 mos. 

+ 


+ 



+ 

10 days 

+ 


+ 



+ 

12 days 

+ 



+ 


+ 

23 days 

+ 


+ 


+ 


64 mo.s. 

+ 


+ 



+ 

1 day 

19 

5 

19 

5 

21 

5 



2.5 yrs. 
1 day to 
79 mos. 



All of the patients have been traced (Table 1). Five (19.2%) of 
the group died and autopsy examinations were performed in 3 instances; 
21 patients are still alive. To date, the average duration of life among 
all of the patients is 2..'i years, with an age range from 1 day to 79 
months. 

The 3 cases which came to autopsy revealed cardiac eiilargeineiit 
with definite ventricular hypertrophy and coronary thrombosis and 
infarction in each instance. The heart weights were 435, 533 and 
637 gm. An advanced degree of arteriosclerosis of the coronary 
arteries was found in all of the cases. Recent coronary thrombosis 
occurred once in the main right posterior coronary artery and twice 
in the left anterior descending artery. 

Discussion. Klainer'' was the first to attach any definite clinical 
prognostic significance to the findings of right axis deviation in hyper- 
tensive or arteriosclerotic heart disease. He concluded that the occur- 
rence of right axis deviation with hypertensive or arteriosclerotic heart 
disease in the absence of rheumatic or congenital heart disease or cor 
pulmonale indicated a poor prognosis. Comeau and White^ and 
Nathanson® have regarded right axis deviation in coronary heart dis- 
ease as important in a negative sort of way. Comeau and White felt 
that the finding of right axis deviation is a strong though not conclu- 
sive evidence that the patient does not have coronary disease, and in 
such cases cor pulmonale particularly should be considered. Nathan- 
son likewise concluded that the presence of coronary disease could be 
excluded on this feature alone, since most cases with primary right 
heart failure are associated with definite right ventricular preponder- 
ance. Nathanson reported that 2 out of 60 (3.3%) of the cases of 
coronary heart disease revealed right axis deviation. In a revieAV of 
200 cases showing right axis deviation, by Comeau and White,® it 
was found that 7 out of 125 (5.6%) of the cases with organic heart 
disease were due to coronar;^- heart disease; these 7 cases constituted 
10.9% of all organic heart disease over 30 years of age with right axis 
deviation. In the present study, electrocardiographic evidence of 
right axis deviation was revealed during the course of coronary heart 
disease without arterial hypertension, in 22 out of 595 (3.7 %) of the 
cases. This percentage figure cannot be considered as insignificant 
when one of the most common cardiac diseases affecting adult man is 
under consideration. 

The prognosis in those cases of arteriosclerotic heart disease with 
myocardial infarction was much more favorable than those with hj'per- 
tensive heart disease (Table 1). Twenty of the 21 surviving patients 
had no evidence of cardiac enlargement or arterial hypertension. Four 
of the 5 that died revealed definite roentgenographic evidence of cardiac 
enlargement, and 3 of the 5 had hypertension. These findings were 
somewhat in agreement with those tabulated by Klainer.'^ In his 
series, 4 of the 5 known living patients revealed no evidence of hyper- 
tension or cardiac enlargement, and all 13 patients that were autopsied 
showed definite left ventricular preponderance. Among the 23 death 
cases reported by Ivlainer,^ 15 had hypertension and IS .presented 
clinical evidence of cardiac enlargement. 
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Bolining and Katz- found that the few cases of right axis shift in 
patients with myocardial infarction were associated with anterior wall 
infarction. A definite trend in this direction was noted in the present 
series, in which 19 patients presented electrocardiographic findings 
compatible with anterior wall infarction and 5 cases showed evidence 
interpreted as indicating posterior wall infarction. Nineteen of the 
26 cases presented evidence of a recent coronary occlusion; 3 of these 
19 showed T wave negativity in all 3 standard leads of the electro- 
cardiogram. Barnes and Burchelfi have reported that the majority 
of cases of negative T waves in all 3 leads associated with right axis 
deviation occurred in cases in which there had been a recent coronary 
occlusion. 


Table 2. — Incidence of Right Axis Deviation in Hypebtensive and 
Arteriosclerotic Heart Disease 


Hypertensive heart disease . 

No. of 
cases 

737 

% of total 
cases 

99.5 

Deaths 

233 

% of 
deaths 

31.6 

Hypertensive heart disease with riglit 
axis deviation ...... 

4 

0,5 

3 

75.0 

Total hypertensive heart disease 

741 

100.0 

236 

31.8 

Arteriosclerotic heart disease 

573 

9G.3 

117 

20.4 

Arteriosclerotic heart disease witlx right 
axis deviation 

22 

3.7 

2 

9.0 

Total arteriosclerotic heart disease . 

595 

100 0 

119 

20.0 


One patient (Case 3) with an arterial hypertension and roentgeno- 
graphic evidence of a left ventricular aneurysm revealed a right axis 
deviation that has persisted for 6 months. Eliaser and Konigsberg® 
found that right axis deviation occurred frequently in cases of ven- 
tricular aneurysms. These authors were unable to establish any cor- 
relation between the location of the aneurysm in the left ventricle and 
the electrical axis produced on the electrocardiogram. 

The outcome, to date, of the patients witli myocardial infarction 
without evidence of arterial hypertension and showing right axis 
deviation was much more favorable than that found in the entire 
arteriosclerotic heart disease group (Table 2). On the other hand, the 
small group of patients with hypertensive heart disease and right axis 
deviation revealed a more unfavorable prognosis than the entire 
group with hypertensive heart disease. There were 117 deaths 
(20.4%) among the 573 cases of arteriosclerotic heart disease, without 
evidence of either hypertension or right axis deviation; while only 
2 (9%) of 22 similar patients with right axis deviation died. In the 
hypertensive heart disease group, -3 out of 4 patients with right axis 
deviation died; 233 (31.6%) of 737 cases without right axis deviation 
died during hospitalization. 

The mechanisms involved in the cases with right axis deviation is 
not clear, and no adequate explanation could be made by an analysis 
of the 26 cases now being reported. Inasmuch as most of the patients 
revealed no evidence of cardiac enlargement or recognizable intra- 
ventricular conduction defects, other possible causes of the right axis 
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deviation must be offered. Pardee'® and Hermann and Wilson® 
showed that the position of the heart in such instances may be an 
important factor resulting in a right axis deviation. Meek and Wilson® 
concluded that the rotation of the heart, while in its normal position, 
to the right on the anterior-posterior axis or to the left on tlie longi- 
tudinal axis of the heart will result in a right axis deviation in the 
electrocardiogram. 

No close relationship should necessarily exist between the electrical 
R-axis and cardiac lesions known to exist beyond the main branches 
of the bundle of His.'" This may be a factor in the finding of the right 
axis deviation in a large number of the cases reported in this series. 
Seventeen tracings showed a right axis deviation on the first tracing 
obtained and 14 of these showed a right axis deviation throughout the 
study. In these instances the right axjs may have been present for 
sometime, and even before the existence of the cardiac condition. 
In a series of 200 unselected cases of right axis deviation,® 32.6% of 
all the cases above 30 years of age were thought to be in normal hearts. 
The right axis deviation present in a majority of the present series 
may have been coincidental findings in the clinical picture and actually 
indicated little if any involvement of the main branches of the bundle 
of His. 

Conclusions. In the study of the data from a series of 26 cases of 
arteriosclerotic or hypertensive heart disease showing right axis devia- 
tion on the electrocardiogram, and without clinical evidence of valvular 
or congenital heart disease or cor pulmonale, the following conclusions 
were drawn: 

1. Right axis deviation was not a common occurrence in the presence 
of arteriosclerotic heart disease, having been found in 22 (3.6%) of 
595 arteriosclerotic heart disease cases. 

2. Right axis deviation, Avhen there is no cardiac enlargement, does 
not preclude a poor prognosis in arteriosclerotic heart disease. In this 
group of cases the prognosis was actually strikingly better than the 
entire group of arteriosclerotic patients encountered under similar 
hospital conditions. 

3. In a small series of patients (only 4) with hypertensive heart 
disease the prognosis was unfavorable and definitely more serious than 
among the entire group of patients with hypertensive heart disease. 

4. Right axis deviation, in patients with myocardial infarction, was 
more common in anterior than posterior wall infarctions. 
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I. Pituitrin and Insulin. Textbooks on pharmacology, physiology 
and medicine accept the statement that pituitrin decidedly counteracts 
the action of insulin on blood sugar. Characteristic studies upholding 
this statement are exemplified by the following 2 articles. In 1923 
Burn® observed that subcutaneous injections of extract of the posterior 
lobe of the pituitary gland, given simultaneously with subcutaneous 
injections of insulin, decreased or abolished the fall of blood sugar 
produced by tlie latter. He also found that pituitrin removed the 
symptoms of hj'poglycemic convulsions, causing a rapid elevation of 
the blood sugar. He concluded from these studies that pituitrin is an 
antagonist of insulin. Davidoff and Cushing^ confirmed the findings 
of Burn. In 3 patients suffering from acromegalic diabetes, who had 
been shown to respond normally to insulin, 20 units of insulin com- 
bined with 1 cc. of pituitrin were injected. The expected fall in blood 
sugar at the end of a 2-hour period did not occur. Ceiling et aU found 
the same to be true in dogs when insulin was given intravenously. 

While the work reported here was in progress, an important con- 
tribution was made by Griffiths.’ He showed that in rabbits posterior 
pituitary extracts invariably inhibited the hypoglycemia due to sub- 
cutaneous injections of insulin; but in many of the rabbits no antago- 
nism to intravenously administered insulin was found. In other rab- 
bits, however, the antagonism to intravenous insulin was well defined. 
He suggested that the antagonism between subcutaneously injected 
insulin and posterior lobe extracts is mainlj'- due to a decreasing rate 
of absorption, probably as the result of the vasoconstrictor action of 
the pressor substance. Young” had previously made a similar postula- 
tion. 

A review of the literature reveals that no work has been done on the 
influence of pituitrin on the blood sugar curve of diabetic patients 
receiving dextrose. We decided to do this work in the hope that our 
knowledge of the relationship between insulin and pituitrin would be 
clarified. , 

Before proceeding witli the description of the experiments, it is 
important to note tlie following. It has been shown by us”* that if 
equivalent amounts of dextrose and starch are given 2 days apart to a 
diabetic patient, the curves for the blood sugar contents of the blood 
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cand urine 'vvill be identical. It is reasonable to assume that the same 
will hold true if equal quantities of dextrose are given 2 days apart. 
Consequently, if on one of the days of experimentation one new factor 
is introduced, such as the giving of pituitrin, any changes that may 
occur in the blood sugar curve must be considered significant. 

Experiment 1. Diabetic Patients Receiving Dextrose and Dextrose 
Phis Pituitrin. Method of Procedure: Experiinents were performed 
on 10 diabetic patients. To each of them, early in the morning after 
a fast of 14 hours, 70 gm. of dextrose were given orally in sufficient 
aqueous solution to constitute a total volume of 500 cc. Specimens of 
venous blood were taken at the fasting level immediately before 
ingestion, and 1 hour and 2 hours after the ingestion of the dextrose. 

, The sugar content of the blood ivas determined by the Folin-Wu 
method. Urine was collected 1 hour and 2 hours after ingestion of 
dextrose, and its sugar content determined by the Benedict method. 
Two days later an identical procedure was carried out with the follow- 
ing addition; Immediatelj'^ before ingestion of the dextrose, also 1 hour 
later, 1 cc. of pituitrin* was injected subcutaneously. 

Patients receiving protamine-zinc insulin abstained from it for 3 
days immediately preceding the study, while those taking unmodified 
insulin abstained for 24 hours. No insulin was taken in the 2-day 
interval between tests. As will be seen subsequently in this experiment 
and in all the others that follow in which the same procedure was used, 
the fasting values on the 2 days of experimentation are identical. It 
may be assumed, therefore, that by this method the influence of 
exogenous insulin, previously administered, is completely eliminated. 


Table 1.— Blood Sugar in Diabetic Patients (a) After Ingestion of Dextrose, 
AND (6) After Ingestion of Dextrose Plus Pituitrin 


(1) 70 gm. of dextrose in 500 cc. aqueous solution. 

(2) 1 cc. of pituitrin (10 International Units) subcutaneously, immediately before 



ingestion.of dextrose and 1 cc. 1 hour later. 
Blood sugar (mg,/100 cc.) 

Urine (0 to 2 hours post cibum) 





One hour 

Two hours 

Volume 

Sugar 

Sugar 


Fasting level 

post cibum 

post cibuiD 

(cc.) 

K' 


(gm.) 

Case 


Dext. 


Dext. 


Dext. 


Dext. 


Dext. 


Dext. 

No. 

Dext. 

+ Fit. 

Dext. 

+ Pit. 

Dext. 

+ Pit. 

Dext. 

+ Pit. 

Dext. 

+ Pit. 

Dext. 

+ Pit. 

1 

. . 331 

322 

605 

555 

.588 

540 

430 

285 

3.8 

4.0 

16.3 

13.1 

2 

. . 317 

328 

488 

476 

548 

506 

225 

250 

5.0 

3.7 

11.3 

9.3 

3 

. . 247 

250 

526 

520 

526 

500 

423 

310 

4.2 

4.1 

17.8 

12.7 

4 

. . 292 

282 

414 

413 

414 

470 

322 

310 

4.0 

4.8 

12.9 

14.9 

5 

. . 140 

118 

256 

330 

178 

392 

210 

140 

1.3 

4.2 

2.7 

5.9 

r, 

. . 171 

17.S 

314 

258 

374 


104 

108 

5.0 

3.0 

8.2 

3.2 

7 

. . 294 

2fi0 

440 

413 

408 

513 

3.50 

285 

5.0 

4,7 

17.5 

13.4 

K 

. . 219 

204 

404 

435 

388 

409 

332 

275 

4.0 

4.6 

15.3 

12.7 

9 

. . 181 

172 

298 

272 

317 

334 

242 

142 

4.5 

4.1 

10.9 

5.8 

10 

. . 103 

170 

308 

312 

308 

388 

015 

298 

r.o 

2.5 

9.2 

7.5 


— 

— ■ 

— 

— 

— 








— 


_ — 

Average 

T 

. . 235 

228 

405 

398 

406 

451 

331 

240 

3.9 

4,0 

12.2 

9.S 


In 1 able 1 is shown the efl'eet of pituitrin in diabetic patients on 
(1) the concentration of dextrose in the blood, (2) volume of urine, (fl) 
concentration of dextrose in the urine, and (4) amount of dextrose in 


* llie pituitrin used was the Infundin of Burrouglis, Wellcome & Co. Eaoli cc. 
contains 10 International Units. The same preparation was used in all the other 
experiments which will be de.scribed below. 



the urine after ingestion of 70 gm. of dextrose. If is evident that tlie 
blood sugar after ingestion of dextrose is not significantly ^eater 
when dextrose alone is given than when dextrose plus pituitrin are 
administered. The volume of urine when pituitrin and dextrose are 
given is significantly less than when dextrose alone is given, but not 
markedly so. The diuretic action of dextrose o^'ercomes, to a great 
degree, the powerful antidiuretic action of pituitrin. The concentra- 
tion of dextrose in the urine and the glycosuria are not significantly 
different. It is justifiable to conclude that pituitrin does not have any 
influence on the concentration of dextrose in the blood nor on the 
amount of dextrose in the urine in diabetic patients after the ingestion 
of dextrose. Apparently, pituitrin does not have any influence on the 
action of endogenous insulin. 

Expehiment 2. Diabetic Patients Receiving Dextrose Pins Insulin 
(Subcutaneously) and Dextrose Phis Insulin (Subcutaneously) Plus 
Pihdtrin. In view of the findings made by Burn^ and others, it was 
thought of interest to study the effect of pituitrin on the action of 
insulin given subcutaneously to diabetic patients receiving dextrose. 
Experiments were performed on 7 diabetic patients. The method of 
procedure was identical with that of Exp. 1, with the following modi- 
fications; Twenty units of unmodified U 40 insulin were given sub- 
cutaneously on the 1st day of experimentation | hour before the 
ingestion of dextrose. Two days later, insulin was again given in the 
same manner and, in addition, 1 cc. of pituitrin was injected sub- 
cutaneously immediately before the ingestion of dextrose and 1 hour 
later. The pituitrin and insulin were injected in different sites. 

Table 2. — Blood Sugar in Diabetic Patients (a) After Ingestion of Dextrose 
Plus Insulin Subcutaneously, and (f») After Ingestion of Dextrose 
Plus Insulin Subcutaneously Plus Pituitrin 


(1) 70 gm. of dextrose in 600 cc. aqueous solution. 

(2) 20 units of insulin subcutaneously j hour before ingestion of dextrose. 

(3) 1 cc. of pituitrin (10 International Units) immediately before ingestion of 



dextrose, and 1 cc. 1 hour later. 

Blood sugar (mg./lOO cc.) 



Urine (0 to 2 hours post cibum) 



Fasting level 

One hour 
post cibum 

Two hours 
post cibum 

Volume 

(cc.) 

Sugar 

(%) 

Sugar 

(gm.) 

Case 

Dext. 

Dext. 

+ Ins 

Dext. 

Dext. 
+ Ins. 

Dext. 

Dext. 

+ In3. 

Dext. 

De.xt. 

+ Ins. 

Dext. 

Dext. 
+ Ins. 

Dext. 

Dext. 
+ Ins. 

No. 

+ Ins. 

+ Pit. 

+ Ins. 

+ Pit. 

H-Ins. +Pit. 

+ Ins. 

+ Pit. 

+ Ins. + Pit. 

+ Ins. 

+ Pit. 

1 

. . 294 

280 

358 

400 

342 

460 

160 

284 

5.0 

G.O 

8.0 

17.0 

2 

. 288 

308 

151 

370 

65 

364 

42 

170 

1.0 

3.8 

0.4 

6.5 

3 

. . 252 

284 

308 

440 

377 

470 

109 

248 

4.2 

4.6 

4.6 

11.4 

4 

. . 200 

181 

189 

204 

131 

210 

340 

126 

0.0 

1.0 

0.0 

1.3 

5 

. , 131 

118 

106 

113 

70 

86 

60 

62 

0.0 

0.0 

0,0 

0.0 

6 

. 163 

167 

205 

286 

118 

340 

368 

187 

0.0 

0.8 

0.0 

1.5 

7 

. . 220 

236 

367 

318 

262 

421 

270 

350 

3,3 

2.9 

8.9 

10.2 


— 

— 

— 

— 



— 

— 

— 

— 

— 





Average 

. . 221 

225 

241 

304 

195 

336 

193 

204 

1.9 

2.7 

3.1 

5.4 


In Table 2 is shown the effect of pituitrin in diabetic patients receiv- 
ing insulin subcutaneously on (1) concentration of dextrose in the 
blood, (2) volume of urine, (3) concentration of 'dextrose in the urine, 
and (4) amount of dextrose in the urine after the ingestion of dextrose. 
Allowing for the irregularities encountered, the blood sugar is greater 


after the ingestion of dextrose plus subcutaneous insulin plus pituitrin, 
than when dextrose plus subcutaneous insulin alone are administered. 
This is especially evident 2 hours after ingestion of the dextrose. The 
same holds true for the amount of dextrose in the urine. These findings 
confirm the conclusions of Burn and others that pituitrin counteracts 
the action of insulin given subcutaneously. 



It is of interest to note to what degree pituitrin antagonizes the 
action of insulin given subcutaneously. The 10 diabetic patients of 
Exp. 1 (who received no insulin and no pituitrin on the 1st day of 
experimentation) have an average fasting blood sugar of 235 mg. per 
100 cc. blood as compared to a fasting value of 221 in those of Exp. 2. 
These 2 groups may be considered identical as far as severity is con- 
cerned. Blood sugar curves, when tlie same amount of dextrose is 


given to the 2 groups, would be practically identical. In Chart 1 are 
recorded the blood sugar curves where the following was given: Curve 
I, 70 gm. of dextrose only; curve 2, 70 gm. dextrose plus subcutaneous 
insulin; curve 3, 70 gm. dextrose plus subcutaneous insulin plus pitui- 
trin. It will be observed that whereas the blood sugar rises to 406 
two hours post cibum when dextrose alone is given, it rises to only 336 
when dextrose plus insulin plus pituitrin are administered. The 
conclusion is that, in the doses used, pituitrin only partially neutralizes 
the action of insulin on blood sugar. 

Analysis of the results of Exp. 1 and 2 shows that pituitrin affects 
endogenous insulin and subcutaneously injected exogenous insulin 
differently. In Exp. 1, pituitrin apparently does not affect the action 
of endogenous insulin; in Exp. 2, however, the action of exogenous 
insulin is apparently counteracted. This led to the assumption that 
the mode of administration of insulin was significant. Accordingly, it 
was decided to study the action of pituitrin when insulin was given 
intravenously. 

Experiment 3. Diabetic Patients Receiving Dextrose Plus Insulin 
Intravenously and Dextrose Plus Irmdin Intravenously Plus Pituitrin. 
Method of Procedure: Experiments were performed on 8 diabetic 
patients. The method of procedure was identical with that of Exp. 1, 
with the following modifications. Fifteen units of unmodified insulin 
were given intravenously, immediately before ingestion of dextrose. 
Two days later, insulin was again given in the same manner and, in 
addition, 1 cc. pituitrin was given subcutaneously, immediately before 
the ingestion of the dextrose and 1 hour later. 

Tabi.e 3.— Blood Sugar in Diabetic Patients (o) After Ingestion of Dextrose 
Plus Insulin Intravenously, and (b) After Ingestion of Dextrose 
Plus Insulin Intravenously Plus Pituitrin 

(1) 70 gm. of dextrose in 500 cc. aqueous solution. 

(2) 15 units of insulin intravenously immediately before ingestion of dextrose. 

(3) 1 cc. of pituitrin (10 International Units) immediately before ingestion of dex- 

trose, and 1 cc. 1 hour later. 

Blood sugar (mg./lOO cc.) Urine (0 to 2 hours post cibum) 


One hour Two hours Volume Sugar Sugar 

Fasting level post cibum post cibum (cc.) (%) (gm.) 


Case 

Dext. 

Dext. 
+ Ins. 

Dext. 

Dext. 
4- Ins. 

Dext. 

Dext. 
4“ Ins. 

Dext. 

Dext. 

4* Ins. 

Dext. 

Dext. 
+ Ins. 

Dext. 

Dext. 
4- Ins 

No, 

4- Ins. 4" Pit. 

+ Ins. + Pit. 

+ Ins. + Pit. 

4~ Ins. 4“ Pit, 

+ Ins. + Pit, 

+ Ins. + Pit. 

1 . . 

. 165 

184 

98 

87 

128 

Ill 

165 

80 

0 

0 

0 

0 

2 . . 

. 240 

226 

180 

144 

109 

116 

128 

95 

0.8 

0 

1.0 

0 

3 . . 

, 388 

345 

320 

206 

328 

180 

95 

90 

2.5 

2.0 

2.4 

1.8 

4 . . 

. 336 

318 

156 

265 

280 

342 

25 

45 

0,5 

1.4 

0.1 

0.6 

S . . 

. 248 

256 

197 

195 

100 

166 

60 

55 

0,5 

1.7 

0.3 

0.9 

6 . . 

. 234 

256 

97 

129 

152 

171 

58 

52 

0 

0 

0 

0 

7 . . 

. 270 

267 

140 

125 

129 

188 

44 

57 

0.8 

1.3 

0.4 

0.7 

S . . 

. 276 

261 

111 

212 

252 

276 

61 

0 

2.0 

0.0 

1.2 

0 



— 

— 

— 

— 

— 

— 

— 

— — 

— 



— 

Average . 

. 270 

264 

162 

170 

185 

194 

80 

59 

0.9 

0.8 

0.7 

0.5 


In Table 3 is shown the effect of pituitrin in diabetic patients receiv- 
ing insulin intravenously on (1) concentration of dextrose in the blood, 
(2) volume of urine, (3) concentration of dextrose in the urine, and (4) 
amount of dextrose in the urine after the ingestion of dextrose. Analysis 
of the results reveals that pituitrin in no way affects the action of 
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insulin given intravenously on blood sugar and glycosuria in diabetic 
patients receiving dextrose. These findings are in striking contrast to 
those in Exp. 2, where insulin was given subcutaneously. They are in 
agreement with those made by Griffiths. 

It has been shown by Goadby and Richard.soji that insulin, injected 
intravenously in rabbits, remains in the circulation in detectable 
amounts for about 90 minutes. In our patients, therefore, pituitrin 
was given the opportunity to counteract the action of insulin given 
intravenously. Such action, however, did not occur. We must con- 
clude, therefore, that pituitrin does not antagonize the action of insulin. 

By what means then does pituitrin counteract the action of insulin 
given subcutaneously? The first possibility that suggests itself is that 
pituitrin, by virtue of its vasoconstrictor action, retards the absorption 
of insulin from subcutaneous tissues. This is the theory entertained 
by Griffiths'^ and Young.“ Indeed, this action of pituitrin has been 
utilized in “Deposulin,” which is a mixture of insulin and pituitrin. 
It is claimed by Taeger and Danish,® Holland and Weger,® and Bau- 
douin et al} that the action of insulin is definitely prolonged as a result 
of this procedure. To avoid this local action of pituitrin, the insulin 
and pituitrin in our experiments Avere given subcutaneously in dift'erent 
sites. 

Does pituitrin retard the absorption of insulin under these circum- 
stances? This question can be answered in part by the following 
experiment. Phenolsulphonphthalein, injected subcutaneously, is 
absorbed into the circulation, excreted by the kidney, and its amount 
in the urine can be measured Avitli exactness. Any retardation of 
absorption Avill manifest itself by a decrease in excretion by the kidneys. 
The folloyung experiment Avas accordingly performed. 

Method of Procedure: Experiments were performed on 6 normal 
adults. Each Avas injected subcutaneously Avith 1 cc. of solution con- 
taining 6 mg. of phenolsulphonphthalein. Each patient drank 500 cc. 
of Avater at tlie time of injection and 250 cc. 1 hour later. Urine was 
collected 1 hour and 2 hours after the injection of phenolsulphon- 
phthalein. Tavo days later an identical procedure Avas carried out. In 
addition, 1 cc. of pituitrin was injected subcutaneously 5 minutes before 
phenolsulphonphthalein Avas injected, and P cc. 1 hour later. The 
pituitrin and phenolsulphonphthalein Avere injected in different sites. 
The phenolsulphonphthalein content of the urine Avas determined in 
the usual manner. The large quantity of water was giA^en to insure an 
adequate excretion of urine, since pituitrin is a poAverful antidiuretic. 

In Table 4 are recorded the volumes of urine and amounts of phe- 
nolsulphonphthalein excreted during the 1st and 2nd hours after the 
injection of the phenolsulphonphthalein. The Amlume of urine is, of 
course, markedly less AAhen pituitrin is injected. The amounts of 
phenolsulphonphthalein excreted, however, are not significantly greater 
Avhen phenolsulphonphthalein alone is injected than when phenolsul- 
phonphthalein and pituitrin are injected. The conclusion is clear that 
pituitrin does not retard the absorption of phenolsulphonphthalein 
from the subcutaneous tissues. An important consideration is the fact 
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that phenolsulphonphthalein has . a very low molecular weight as 
compared with insulin, whicli is a protein. The absorption rate of the 
latter is much less than that of phenolsulphonphthalein. In view of 
the fact that pituitrin does not retard the absorption of phenolsul- 
phonphthalein from the subcutaneous tissues, it is doubtful whether it 
appreciably retards the absorption of insulin; certainly not to a degree 
to account for the findings made in Exp. 2. It must be concluded, 
therefore, that the manner in which pituitrin counteracts the action of 
insulin given subcutaneousl 3 '’ cannot, in the present state of our 
knowledge, be explained and awaits further research for its elucidation. 

Table 4. — Excretion of Phbnolsulfonphthalein, Injected Stjbcetaneoxjsly in 
Normal Individuals, in Urine, With and Without Simultaneous 
Subcutaneous Injection of Pituitrin 

Pituitrin — 1 cc. (10 International Units) injected 5 minutes before injection of 
phenolsulfonphthalein, and 1 cc. injected 1 hour later. 

Water — 500 cc. ingested immediately before injection of phenolsulfonphthalein, 
and 250 cc. 1 hour later. 

Phenolsulfonphthalein— the amount injected -was 1 cc. containing 6 mg. of the dye. 

Volume of urine (ec.) P.S.P. excretion (%) 



First hour 

Second hour 

Total 2 hours 

First hour 

Second hour 

Total 2 hours 

Cape 


P.S.P. 


P.S P. 


P.S.P. 


P.S.P, 


P.S.P. 


P.S.P. 

No. 

P.S.P. 

+ Pit. 

P.S.P. 

+ Pit. 

P.S.P. 

+ Pit. 

P.S.P. 

+ Pit. 

P.S.P. 

+ Pit, 

P.S.P. 

+ Pit. 

1 . . 

. 135 

60 

385 

62 

520 

122 

38 

26 

23 

21 

61 

47 

2 . . 

. 133 

80 

610 

60 

743 

140 

17 

27 

32 

14 

49 

41 

3 . . 

. 340 

65 

376 

45 

716 

100 

14 

43 

18 

22 

32 

65 

i . . 

. 237 

57 

550 

30 

787 

87 

32 

31 

23 

17 

55 

48 

S . . 

. 185 

60 

703 

50 

888 

no 

22 

25 

26 

16 

48 

41 

6 . . 

. 190 

28 

380 

30 

570 

58 

49 

43 

16 

2 

65 

45 

Average . 

. 203 

57 

504 

46 

706 

103 

28.7 

32.5 

23 

15.3 

51.7 

47.8 


It is of interest to discuss the clinical value of these findings. The 
experiments reported here revealed an appreciable, but not striking, 
antagonism of pituitrin to the action of subcutaneous insulin on blood 
sugar. The dose of pituitrin used was 20 units during the 2-hour 
period of experimentation. The dose of insulin was comparatively 
small, only 15 units. The dose of pituitrin used here is far in excess of 
that employed clinicallJ^ This action of pituitrin is, therefore, chiefij"^ 
of interest physiologically. It need not be taken into consideration in 
determining the dose of insulin in diabetic patients where pituitrin is 
being administered simuItaneousljL 
n. Epinephrine and Insulin. — The literature on the action of epine- 
phrine on blood sugar is enormous and need not be reviewed here. It 
is sufficient to state that it has been amply proved that epinephrine 
is an antagonist of insulin, as far as blood sugar is concerned. The 
remarkable difference in the action of pituitrin on insulin, given sub- 
cutaneouslj' and intravenouslj’’, made us speculate as to whether such 
a difference in action also exists with epinephrine. The literature is 
replete with experiments on the action of epinephrine on insulin given 
subcutaneouslj^ The onlj^ work on intravenously injected insulin is 
by Berg, Gross, McAfee, and Zucker^ who found that epinephrine does 
not influence the blood sugar lowering effect of intravenousl.y injected 
insulin in normal and depancreatized dogs. We decided to investigate 
this subject in human diabetics. 
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Experuient 5. Diabetic Patients Receiving Dextrose Pins Stih- 
cnianeoiis Insulin and Dextrose Pins Snhcfidaneons Insidin Phis Epinc- 
phrine. Method of Procedure: Experiments were performed on 6 
diabetic patients. Each of them was injected subcutaneously with 
20 units of unmodified insulin early in the morning after a fast of 14 
hours. Each Avas given, orally, 70 gm. of dextrose ^ hour later in 



Chart 2. — Blood sugar curves in diabetic jiatieiits (1) aftei' dextrose, (2) after dextrose 
plus insulin subcutaneously, and (3) after dextrose plus insulin subeufaneouslj' plus 
epiiieidirine. 


sufficient aqueous solution to constitute a total volume of 500 cc. 
Specimens of blood were taken at tlie fa.sting leA'el, and 1 hour and 2 
hours after ingestion of dextrose. The sugar content of the blood was 
determined by the Folin-Wu method. Two days later an identical 
procedure was carried out, with the folloAving modifications. Ten 
minutes before tlie ingestion of the de.\trose, also 75 minutes later, 10 
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minims of epinephrine hydrochloride (1 to 1000) were injected sub- 
cutaneously. Patients receiving protamine zinc insulin abstained 
from it for 3 days immediately preceding the study, while those taking 
unmodified insulin abstained 24 hours. No insulin was taken in the 
2-day interval between tests. 

In Chart 2 is shown the effect of epinephrine on blood sugar in 
diabetic patients receiving dextrose and subcutaneous insulin. The 
Iffood sugar values in Curve 2 are the averages (6 cases) when dextrose 
and subcutaneous insulin are given, while those in Curve 3 are the 
averages when dextrose plus subcutaneous insulin plus epinephrine are 
administered. It is evident that the blood sugar, after ingestion of 
dextrose plus subcutaneous insulin plus epinephrine, is markedly 
greater than when dextrose plus subcutaneous insulin alone are 
administered. 

It was stated above that pituitrin in the doses used counteracted the 
action of insulin only partially. It is of interest to note to what degree 
epinephrine antagonizes the action of insulin. The 10 diabetic patients 
of Exp. 1 (who received no insulin and no pituitrin on the 1st day of 
experimentation) have an average fasting blood sugar of 235 mg. per 
100 cc. blood, as compared to a fasting value of 215 in those of Exp. 5. 
These 2 groups can be considered almost Identical as far as severity is 
concerned. Blood sugar curves, Avhen the same amounts of dextrose 
are given, would be practically identical. In Chart 2 are recorded the 
blood sugar curves when the following are given: Curve 1, dextrose 
only; Curve 2, dextrose plus subcutaneous insulin; Curve 3, dextrose 
plus subcutaneous insulin plus epinephrine. It will be observed that 
Curves 1 and 3 are practically identical. The conclusion is that, in the 
doses given, epinephrine completely neutralizes the action of insulin on 
blood sugar. 

Experiment 6. Diabetic Patients Receiving Dextrose Plus Intra- 
venous Insulin and Dextrose Phis Intravenous Insulin Plus Subcutaneous 
Epine-phrine. It was found above that pituitrin in no way influences 
the action of insulin, given intravenously, on blood sugar. It was 
considered of interest to make a similar study of the action of epineph- 
rine on insulin given intravenously. 

Method of Procedure; The method of procedure was identical with 
that of Exp. 5, with the following modifications; (1) Fifteen units of 
unmodified insulin were injected intravenously immediately before the 
ingestion of dextrose. (2) Ten minutes of epinephrine hydrochloride 
(1 to 1000) were injected subcutaneously immediately before the 
ingestion of dextrose and a similar dose 1 hour later. 

In Table 5 is shown the effect of epinephrine on blood sugar in 
diabetic patients receiving dextrose and intravenous insulin. It is 
evident that the blood sugar, after injection of dextrose plus intra- 
venous insulin plus subcutaneous epinephrine, is markedly greater 
than when dextrose and intravenous insulin alone are given. The 
conclusion is that epinephrine decidedly antagonizes the action of 
intravenous insulin on blood sugar; and to a degree almost equal to 
that of epinephrine on subcutaneously injected insulin. 


Table 5. — Blood Sugar in Diabetic Patients (a) After Ingestion op Dextrose 
Plus Insulin Intravenously, and (b) After Ingestion of Dextrose 
Plus Insulin Intravenously Plus Epinephrine 
(D 70 EDI. of rloxtropo in .500 co. .nqncmis solution. 

(•2) 15 units of insulin, intiavonously, iniiiieflintoly Onforo inuostion of iluxirosf. 
(3) 10 minims of epinephrine hydroehloride (1 to 1000) 10 minutes before innostion 
of dextrose, and 10 minims 1 hour later. . 

Blood siiRiir 



I'aslinc level 

One hour post eiliiiin 

'Two hours 

po.st eibuin 

( *aht* 

No. 

De.>;L 
+ Ins. 

nc.xt. 

+ Ilia. 

+ Epincjili. 

Oexl. 
+ Ills. 

+ Ilia. 

+ Epiiii'pli. 

Dexl. 

+ I'lB. 

Dexl. 

+ IllH. 

+ Epinepli. 

1 . . 

. 272 

320 

288 

514 

308 

482 

2 . . 

. 320 

374 

149 

380 

127 

460 

3 . . 

. 203 

154 

213 

300 

226 

395 

4 . . 

. 353 

280 

218 

385 

154 

423 

5 . . 

. 337 

32G 

500 

469 

500 

517 

Average 

. 297 

291 

274 

410 

263 

455 


This action of epinephrine on intravenously injected insulin is in 
marked contrast to that of pituitrin which does not in the slightest, 
influence the action of intravenously injected insulin. 

Summary and Conclusions.— 1. Evidence is presented to negate the 
generally accepted opinion that pituitrin counteracts the action oi 
insulin. 

2. Experiments reported in this paper reveal the following: (a) 
Pituitrin does not influence the blood sugar curve of diabetic patients 
receiving dextrose, (b) Pituitrin definitely counteracts the action of 
insulin, given subcutaneously, on the blood sugar curve of diabetic 
patients receiving dextrose. In the doses used, the neutralization of 
the action of insulin on blood sugar was only partial, (c) Pituitrin 
does not, in the slightest, influence the action of insulin, given intra- 
venously, on the blood sugar curve of diabetic patients receiving 
dextrose. 

3. The fundamental conclusion to be drawn is that pituitrin is not an 
antagonist of insulin. 

4. The theory has been advanced that pituitrin, by virtue of its 
vasoconstrictor action, retards the absorption of insulin given sub- 
cutaneously- and, in this manner, prevents insulin from acting on the 
blood sugar. Experiments are reported which show that pituitrin does 
not influence the absorption of phenolsulphonphthalein injected sub- 
cutaneously. This theory is, therefore, untenable. The mechanism 
by which pituitrin counteracts the action of insulin, given subcutane- 
ously, on blood sugar appears unexplained. 

5. The action of pituitrin in partially neutralizing the action of 
insulin administered subcutaneously is of physiologic interest only. It 
need not be taken into consideration in determining insulin dosage in 
diabetic patients who are receiving pituitrin simultaneously. 

6. Epinephrine markedly antagonizes the action, of insulin, admin- 
istered intravenously or subcutaneously, on the blood sugar of diabetic 
patients receiving dextrose. In the doses used, the neutralization of 
the action of insulin was complete. 


ACETVL-BETA-METHYLCHOLINE IN HUMAN SUBJECTS 


^71 


E.EFEHENCES 

1. Baxjdoxjin, A., Lewin, J., and Azebad, E.; Compt. rend. Soc. de biol., 127, 772, 
1938. 

2. Behg, B. N., Gboss, J., McAeee, J., and Zeckbb, T. F.; Proc. Soc. Exp. Biol, 
and Med., 32, 1358, 1935. 

3. Bebn, j. H.; j. Physiol., 57, 318, 1923. 

4. Davidope, L., and Cushing, H.: Arch. Int. Mod., 39, 751, 1927. 

5. Geieing, E. M. K., DeLawdek, A., and Rosenfeed, M.; J. Pharm. and Exp. 
Thor., 42, 263, 1931. 

6. Goadby, H. K., and Richabdson, J. S.; J. Physiol., 97, 417, 1940. 

7. Gbifpiths, M,: J. Phj'siol., 100, 112, 1941. 

8. Hoeeand, G., and Wegeb, M.'. Munchcn. tned. Wchnschr., 85, 215, 1938. 

9. Taegeb, H., and Danish, L.; Klin. Wchnschr., 16, 1639, 1937. 

10. WisHNOFSKY, M., and Kane, A. P.; Am. J. Med. Sci., 189, 545, 1935. 

11. Young, F. G.; Biochem. J., 32, 1521, 1938. 


THE EFFECTS OF ACETYL-BETA-METHYLCHOLINE IN HUMAN 
SUBJECTS WITH LOCALIZED LESIONS OF THE CENTRAL 
NERVOUS SYSTEM 

By Stuart M. Fisher 

CONSULTING PHYSICIAN, -WESTMINSTER HOSPITAL 
AND 

George W. Stavraky 

ASSOCIATE PROFESSOR OF PHYSIOLOGY 
LONDON, CANADA 

(From the Westminster Hospital and the Department of Physiology, Medical School, 

Univ. of Western Ontario) 

In a recent paper by Stavraky-® it was shown on experimental animals 
that aseptic removal o| various portions of the cerebral hemispheres 
resulted in a prolonged sensitization of the’ remaining parts of the 
nervous system to intravenous injections of acetylcholine. This 
sensitization to chemical stimulating agents occurred in neurones 
which were directly connected with the removed portions of the brain 
and manifested itself in various specific patterns of response. Partic- 
ularly striking results were obtained in cats in which the frontal lobes 
were removed (the motor cortex being included in the removal). 
Injections of acetylcholine in these animals resulted in characteristic 
motor manifestations and signs of excitation of the sympathetic 
nervous system, such as dilatation of the pupils, protrusion of the claws 
and erection of hair, all these phenomena occurring contralaterally to 
the removal. 

In an extension of these experiments it was decided to study the 
effects of a suitable choline ester in human subjects with corresponding 
lesions of the central nervous system. Acetyl-beta-methylcholine was 
chosen in preference to acetylclioline because of its wide clinical use, 
extreme potency, and minimum nieotine-like action on the .svmpatlietie 
ganglia. (Hunt and Taveau,” Hunt,'® Mllaret, Justin-Besunyon, 
Cachera and Said,-'' Simonart,'-® Comroe and Starr,® Starr, Elsom and 
Reisinger,^'' Abbott,' Hunt and Renshaw,'® Weiss and Ellis,®® hlyerson, 
Roman and Dameshek,-' Dameshek, Roman and Myerson,® .-(itmnn, 
Pratt and Cotton- and others). 
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During the progress of the work it was found that best results were 
obtained with intramuscular injections of acetyl-beta-methylcholine 
instead of the subcutaneous ones employed in the majority of the pre- 
vious investigations. The intramuscular injections gave quicker and 
sharper responses, the erythema and sweating often spreading down to 
the finger tips and toes of the tested subjects. As side effects of such 
injections, 3 of 19 persons became somewhat asthmatic, 1 complained 
of a feeling of tightness and pain in the chest, and 1 felt nauseated and 
experienced some pain in the epigastrium; all these symptoms were 
quickly relieved by a subcutaneous injection of 1/100 gr. of atropine 
sulphate. 

The neurologic findings obtained with this method of study are in 
general agreement with the results reported in experimental animals 
and will be the subject of the present communication. 

Methods. The effects of acetyl-beta-methylcholine chloride (Mecholyl 
Merck) were studied in 12 male patients with lesions of the rostral portions 
of the cerebral hemispheres or with signs of involvement of the upper motor 
neurones. The various lesions were: 2 brain tumors; 1 frontal lobectomy for a 
tumor; 7 head injuries in which damage was localized to the frontal lobe with 
or without extension of the injury to the motor cortex; 1 case of a lesion follow- 
ing an attack of cerebrospinal meningitis with residual signs of unilateral 
involvement of the pyramidal system; and 1 case of injury to the spinal cord. 
As controls, 6 normal persons and a patient with Raynaud’s disease were studied 
in a similar manner. 

Injections of 8 to 25 mg. of mecholyl dissolved in 0.3 to 1.0 cc. of distilled 
water were given into the deltoid muscle and were repeated in each patient at 
least on two or three occasions. The tested subjects were males of excellent 
physique, as they were associated with the armed forces of Canada. They 
were stripped and placed jn a recumbent position on a table or a bed facing 
the window in order to obtain a dispersed and uniform lighting of the two 
pupils. The minimal amount of light in the ophthalmoscope necessary to 
produce a contraction of the pupils by flashing the light separately into each 
eye was then determined, and a complete neurologic examination was carried 
out before and during the action of mecholyl. 

Results. Effect of Mecholyl in Normal Males. The sensitivity of 
different individuals varied considerably. As a rule, within 20 to 30 
seconds after the injection of 8 to 10 mg. of mecholyl, the tested subject 
experienced a sensation of heat in the face. This wms follow’^ed by a 
flushing of the face and neck, the erythema spreading rapidly to the 
chest and back and then to the extremities. It frequently extended to 
the fingers and toes but decreased in intensity towards the lower part 
of the body. An impression was gained that, exposure to cold and 
possibly smoking or excitement had a tendency to cause an incomplete 
spreading of erythema over the apices of the extremities. The flushing 
reached its. maximum about 2 minutes after the injection and was 
accompanied by widespread diaphoresis and often by rhinorrhea, 
salivation and lacrimation. Later in the response, shivering usually 
occurred and a slight increase of tendon jerks was occasionally noted. 
In 2 very sensitive individuals the first signs of flushing w’’ere accom- 
panied by a slight transient dilatation of the pupils. Most of the 
ieatures of the reaction described w’ere terminated within 5 to 10 
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minutes after the injection, but larger quantities of mecholyl gave 
more pronounced reactions. 

Effect of Mecholyl in Patients mth Lesions of the Rostral Portions of 
the Cerebral Hemispheres. In 11 patients with lesions of the frontal 
lobe with or without involvement of the motor cortex, the injection of 
mecholyl produced an asymmetrical response. In 9 patients the 
erythema spread more rapidly on the side of the lesion and stopped in 
the upper extremity at the wrist or at the metacarpo-phalangeal joints, 
the hand or the fingers becoming very pale. In the lower extremity the 
flush extended to the ankle or to the dorsum of the foot. Contra- 
laterally the spreading of the flush was delayed and the erythema 
stopped high on the limbs. Frequently the arm from the elbow down 
and the entire leg became pale, this pallor of the contralateral extrem- 
ities developing more slowly than the ipsilateral flush. It became 
pronounced 2 minutes after the injection and reached its acme about 
1| minutes later, gradually replacing the initial erythema. In 3 
patients the pallor spread almost over the whole side of the body 
opposite to the lesion, only the chest above the nipple line and the 
face remaining flushed on that side. About 3| to 4 minutes after the 
injection, the contralateral blanching was often followed by a delayed 
flush, this occurring after the general erji;hema had largely subsided 
(see Fig. 1). 

During the reaction the contralateral extremities were markedlj'’ 
colder than the ipsilateral ones. Also there was an asymmetrical distri- 
bution of sweating which was less pronounced on the side of the body 
opposite to the lesion. In the early stages of the response a delay in 
the sensation of heat on the opposite side of the face and a transient 
dilatation of the contralateral pupil were noted in 7 patients. In 4 of 
them both pupils dilated slightly but the contralateral effect was more 
marked. On 3 occasions the contralateral pupil became irregular in 
outline and did not constrict as readily to light as the ipsilateral one. 

In cases in which the lesions extended to the motor or premotor 
cortex, muscular tremors, slight involuntary movements, an increase in 
spasticity, pronounced hyperreflexia, clonus of the wrist, ankle, and 
patella, and prominence of pathologic reflexes on the opposite side of 
the body characterized the later stages of the reaction. 

The blanching of the extremities was most noticeable after the 
injection of 8 to 10 mg. of mecholyl, but the other features were more 
marked when larger quantities were administered. All the phenomena 
described were most pronounced in the case of lesions which involved 
the motor and premotor areas but a considerable asymmetry of the 
response was observed in frontally situated injuries in which no 
objective neurologic signs were present. 

Three case reports of patients with dift'erent types of lesions will 
serve as an illustration. The first 2 cases demonstrate the reaction to 
mecholyl in a traumatic lesion of the motor cortex, and in a tumor 
involving the motor area of the brain. The 3rd case shows the effect 
of mecholyl after an injury to the premotor cortex. 
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Case 1. Gnr. R.J., aged 21, on. April 1, 1942 sustained a gunshot wound 
to the right side of the head. He was operated upon in England and on recovery 
was transferred to Westminster Hospital. When first seen on November 16, 
1942, the patient had a typical hemiplegic gait and a scar which extended from 
a point anterior to the right ear to within 2 cm. of the midline. A depre.ssed, 
pulsating bony defect 6 x 7 J cm. in area was noted under the scar. 



Fig. 1. — Distribution of erythema on intramuscular injection of 8 to 10 mg. of mccliolyl 
in a patient with a left-sided hemiplegia resulting from a gunshot wound of the head. 
The bullet traveled from below up, destroying almost exclusively the motor area of the 
right cerebral hemisphere (Case 1). A, Distribution of crj'thema 1 to 2 minutes after 
the injection. B, Distribution of erythema .31 minutes after the injection. No//; the 
spreading pallor over the left side of the body. C, Initial erythema recedes 4 to 41 
minutes after the injection and a secondary flush appears over the previously pale 
regions on the left side. 


On examination, a complete left hemiplegia was present involving the lower 
face, arm, and leg. Spasticity, increased tendon jerks, vnist and ankle clonus, 
plantar extension and a positive Hoffman sign, diminution of the corneal and 
abdominal reflexes, and a disturbance of cortical sensations were present at 
that time on the left side of the body. The paralyzed extremities felt clammy 
and cold and the left pupil was slightly larger than the right one, though both 
reacted to light. On November 5, 1943 when the patient was last examined, 
considerable recovery of sensation Avas noted in the paralj’^zed limbs, the corneal 
and abdominal reflexes Avere present and equal, the spasticity had decreased, 
the limbs being flaccid at the elboAv and knee but a moderate spasticity of the 
hand and foot persisting. The pupils Avere of equal size, although the left one 
still had a tendency to dilate more brisklj' than the right one. In spite of the 
improA'cmeut the response to mecholyl wa.s at this time even more as.Aum))etrical 
than on the two preAdous occasions. 

Effect of Mecholyl. (NoA'^ember 5, 1943). An intramuscular injection of 
8 mg. of mecholyl was followed in 20 to 25 seconds by a sensation of heat in the 
right side of the face and by a slight but definite dilatation of the left pupil. 
Imrnediately following, the face, chest and extremities flushed rajridly ami 
2 minutes after the injection the eiythema spread to the metacarpo-phalangeal 



joints and to the dorsum of the foot on the right side. On the left side it 
extended to halfway between the wrist and the elbow, and to approximately 
5 inches above the ankle, the left hand and foot becoming very pale and a 
sharp line of demarcation developing between the pa,llor and the flush. The 
pallor gradually ascended and 31 minutes after the injection it had risen to 
7 inches above the elbow on the left arm and involved the whole left leg and 
left lower portion of the body. The pale parts remained cold and dry, whereas 
the flushed regions were warm and covered with beads of perspiration. In 
half a minute the initial erythema largely subsided, whereas the pale hemiplegic 
parts of the body .suddenly flushed. This delayed flush of the paralyzed side 
lasted less than 1 mhrute. At this tune the spasticity of the paralyzed limbs 
was much greater than before the injection of mecholyl and there were tremors 
and some slight movements in the left arm. On another occasion an injection 
of 16 mg. of mecholyl resulted in much more pronounced tremors and athetoW- 
like movements in the paralyzed limbs and in an involuntary attempt to raise 
the stiffened semiflexed arm. 

Case 2. L/Cpl. S.C., aged 49, on June 14, 1943 was admitted to the West- 
minster Hospital with a 2 weeks history of epileptiform attacks. The seizures 
were of a Jacksonian type, recurred at the rate of 2 or 3 a week and were largely 
localized to the left leg. The attacks were not accompanied by a loss of con- 
sciousness but they were associated with a “sickening feeling” in the epigas- 
trium, and numbness and tingling in the left hand followed by weakness of 
the extremities on that side of the body. On examination a bronchogenic 
carcinoma was found in the left lung and the neurologic condition diagnosed as 
due to a metastatic tumor in the brain. The patient died on September 2, 
1943 from pulmonary complications. The diagnosis was verified at autopsy, 
the primary carcinoma being situated in the upper lobe of the left lung and a 
metastasis of 4 x 6 cm. in cross-section rvas found in the precentral gyrus of the 
right cerebral hemisphere. 

On July 2, 1943 preceding the injection of mecholyl, the patient was clear 
mentally, well oriented, and cooperative. Cranial nerves were negative 
except for a moderate sclerosis of the retinal blood-vessels Arcus senilis; tendon 
jerks were increased on the left side of the body with a suggestion of ankle 
clonus and positive Babinski and Oppenheim signs in the left foot; and the 
cremasteric and abdominal reflexes were diminished and easily fatigued on the 
left. All movements of the extremities were possible, but there was a definite 
weakness of the left hand and leg and the movements were awkward. There 
was also a slight wasting of the muscles of the left leg (right thigh 20|'’, left 
20 ; right calf 13^", left ISi") . The tone of the muscles of the left arm and leg 
was diminished and during walking the patient slightly dragged that leg while 
the arm hung limp, the associated movements being absent in it. There was 
no apparent sensory disturbance outside of some impairment of stereognosis 
and two point sensibility on the left. 

Effect of Mecholyl (July 2, 1943). Twenty-five to 30 seconds after the 
injection of 10 mg. of mecholyl the patient experienced a sensation of heat in 
the face and neck which was followed by flushing of the face, the flush then 
spreading over the body. Three minutes after the injection the bright color 
extended symmetrically over both arms and the upper parts of the body, 
stopping on the hands at the metacarpo-phalangeal joints. On the right leg it 
descended to about 3 inches above the ankle, but stopped sharply at the left 
groin, the left leg remaining pale. Three and a half minutes after the injection, 
the lower left side of the body blanched rapidly and a sharp line of demarca- 
tion developed between the left and the right side of the chest and of the 
abdomen, the pallor stopping under the left nipple. The pale left side of the 
trunk and the left leg were cold and there Avas no sweating OA^er these parts, 
whereas the flushed right half of the body Avas warm and densely coA'ered with 
beads of perspiration. In half a minute the flush over the right side and OAm- 
the upper left part of the body began to fade. The pallor over the loAver part 
of the left side also Avore off and Avas replaced by a delayed flush Avhich lasted 
about a minute. A study of the reflexes at this time shoAved a greater asym- 
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metry of response on the two sides of the body than before the injection 
and a sustained ankle clonus on the left. The patient became asthmatic and 
1/100 gr. of atropine sulphate was injected which quickly relieved the condition. 
After the administration of atropine the anlde clonus disappeared and could 
not be elicited on repeated examinations, but the plantar response remained 
extension on the left. No pupillary response of any kind was observed in this 
patient. 

Case 3. LAC W.B., aged 20, on October 9, 1942 was hit on the head by an 
aeroplane propeller and was admitted to the Westminster Hospital on October 
10, 1942 in an unconscious condition with a lacerated wound of the scalp 19 cm. 
long extending from 2 cm. posterior to the right orbit up to and over the mid- 
line of the vault of the head. The wound was explored, and loose fragments of 
bone, blood clots and oozing brain tissue removed, sulfanilamide powdered 
into the wound and the latter closed with interrupted sutures. The patient 
regained consciousness 48 hours after admission but had no control over the 
rectum and bladder for 22 days after the accident. For the next 2 months 
there was marked emotional instability and he exhibited a difference in the 
skin temperature on the two sides of the body, the left arm and leg feeling 
clammy and cold and the temperature in them being as much as 2° F. lower 
than in the extremities of the right side. For the same length of time the plan- 
tar response was extension on the left and flexion on the right side, this in the 
absence of any other abnormal neurologic findings except for a suggestion of a 
Horner’s syndrome on the left. 

Effect of Meckolyl (November 27, 1942). Twenty-five to 30 seconds after the 
injection of 8 mg. of mecholjd the patient experienced a sensation of heat on 
the right side of the face and there was a slight dilatation of the pupils, pre- 
dominantly of the left one. This was followed by a flushing of the skin which in 

2 minutes spread on the right side to the metacarpo-phalangeal joints and to 
approximately 5 inches above the ankle, wdiereas on the left side it extended to 

3 inches proximal to the wrist and to the middle of the thigh, the lower parts 
of the extremities being very pale. About 3^ minutes after the injection the 
flush over the right side of the body receded while the lower left side of the 
body and left leg suddenly became pale and then flushed for a period of about 
half a minute. Simultaneously there was a slight change in the size of the 
pupils, the left one contracting and the right one seemingty increasing in size; 
then the right leg became flushed once more. Bilateral plantar extension, 
bilateral ankle clonus and patellar clonus on the right were elicited at this stage 
of the reaction (prior to the injection of mecholyl the Babinski sign was positive 
only on the left and no clonus was elicited at all). The injection was repeated 
on November 30, 1942 with similar results. 

On December 18, 1942 preceding the patient’s discharge from the hospital 
the temperature over the two halves of the body was practically equal and the 
neurologic examination negative, only a slight Horner’s syndrome persisting 
on the left. On injection of 10 mg. of mecholyl the distribution of the erythema 
was almost symmetrical with some blanching of the hands and feet, but towards 
the end of the reaction there was an intermittent blanching and flushing of the 
t^vo legs and a reappearance of bilateral ankle clonus, patellar clonus on the 
right and an indefinite plantar response on the left. 

It is interesting to note that in the last case, upon the injection of 
mecholyl, the response was to a large extent bilateral. This bilateral 
distribution of various signs was even more striking in another case of 
extensive injury to both frontal lobes and must be regarded as an 
indication of a contre-coup damage of the opposite side of the brain. 
More difficult to understand was a case of an infiltrating brain tumor 
in which, as verified at autopsy, a medulloblastoma growing from the 
anterior part of the corpus callosum extended into the parietal and 
temporal regions of the right cerebral hemisphere and into the floor 
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of the left lateral ventricle. In this patient with a left sided hemiplegia, 
the injection of mecholyl caused a dilatation of the right pupil and a 
blanching predominantly of the right extremities. 

Effect of Mecholyl in a Case of Spinal Injtiry. Mecholyl was injected 
into a patient recovering from a quadruplegia which followed a fracture 
dislocation of the cervical spine sustained in the collision of a staff car 
with a heavy gun during a blackout in England. The effect of mecholyl 
was so interesting that a brief case report and a description of the 
injection will be given. ' 

Case 4. Cpl. B.J., aged 42, on March 15, 1942, sustained an injury of the 
spinal cord at the level of the cervical 6 to thoracic 1 segments, resulting in an 
almost complete paralysis of a quadruplegic type. This was accompanied by a 
corresponding level of anesthesia and loss of bladder control. The diagnosis 
of a fracture dislocation of the 4th cervical vertebra was made. It was reduced 
surgically and the patient showed gradual improvement, regaining bladder 
control and partial function of his extremities. When seen on January 11, 
1943 he could walk across the room without aid, but on examination showed 
considerable impairment of movements with bilateral spasticity, hyper- 
reflexia, bilateral positive Hoffman and Babinski signs, and persistent sensory 
changes. All these findings were more pronounced in the upper extremities; 
in particular the recognition of passive movements in the fingers was grossly 
impaired but was good in the toes. The patient’s chief complaint was that of a 
severe burning pain in the hands, which on examination looked very red, felt 
hot and perspired profusely. 

Effect of Mecholyl. An injection of 16 mg. of mecholyl produced a sym- 
metrical flushing which was more pronounced in the upper part of the body. 
However, in the upper extremities the erythema stopped 3 inches below the 
elbows, the color of the hands and lower forearms changing from bright red to 
pale purple. In addition, the hands became cool to the touch and dry, the 
perspiration on the palms and fingers stopping abruptly. The burning sensa- 
tion of which the patient had complained so bitterly before the injection com- 
pletely disappeared, all the signs returning IJ hours later. Subsequently this 
patient was injected with various quantities of mecholyl (8 to 25 mg.) on 
numerous occasions, invariably obtaining some relief from the burning pain in 
his hands. 

Effect of Mecholyl in an Angio-S 2 Jastic Derangement. A somewhat 
similar response to mecholyl as the one noted in cerebral lesions was 
found to occur in a typical case of Raynaud’s disease. In this patient 
mecholyl was injected during an angio-spastic attack which involved 
the index and middle fingers of the left hand. Preceding the injection 
the two fingers felt numb, were cold and had a wax-like appearance on 
the dorsal surfaces and blue-black patches on the palmar aspect. By 
the 2nd minute following the injection of 10 mg. of mecholyl the 
erythema spread over both hands, excluding the left index, middle and 
ring fingers and the right index finger, which all became very pale. On 
the right leg the flush descended to the ankle, but the left leg remained 
pale from the groin down. The erythema began to subside 3| minutes 
after the injection, and when the right leg and the lower part of the 
body regained their normal color the left leg rapidly became flushed. 
Four to 5 minutes after the injection the pallor in the fingers gradually 
began to diminish and 2 or 3 minutes later the vascular spasm in the 
affected fingers of the left hand completely -wore off and both hands 
acquired a normal appearance. 
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Discussion. The phenomenon of sensitization of cienerVated tissues 
to chemical stimulation is well known. In regard to the central nervous 
system Claude Bernard^ drew attention to the fact that strychnine 
ran cause movements in paraplegic limbs while Cannond Cannon and 
llaimovici,^ and Stavraky-® established experimentally that a selective 
sensitization to acetylcholine takes place in partially denervated 
neurones of the brain and spmal cord. The results obtained during 
the present investigation can be interpreted in the light of these 
findings. 

In normal individuals mecholyl is predominantly pai’asympathico- 
mimetic and probably its effects are largely of a peripheral nature. 
However, in cases of damage to the motor and premotor cortex as well as 
to the highest levels of the sympathetic nervous system (Fulton”), a 
sensitization to chemical agents takes place in the next links of the 
chains of descending neurones, and the sensitized neurones are stim- 
ulated by mecholyl to such an extent that their excitation overshadows 
the usual peripheral effects of this -substance in certain parts of the 
body. If the sequence of vasomotor changes which occurs in patients 
with lesions of the frontal lobe following an injection of mecholyl is 
considered from this point of view, it may be suggested that first an 
erythema of a peripheral nature develops, then localized vasoconstric- 
tion sets in due to stimulation of sensitized sympathetic centers by 
mecholyl (the vasoconstriction occurring mostly contralateral to the 
lesion), and finally, when this latter subsides, a secondary flush appears 
in regions in which vasoconstriction interferes with the circulation, 
thus possibly leading to retention of mecholyl. The movements which 
occur in the paralyzed limbs, an increase of spasticity and an exag- 
geration of reflexes as well as other manifestations may be due to a 
sensitization of motor neurones.* 

With the exception of the pupillary reaction, which varies, the effects 
of central stimulation develop slowly, and become prominent 2 to 4 
minutes after an injection of mecholyl, the response in this way resemb- 
ling that following intravenous injections of acetylcholine in the cat 
(Stavraky-®). Protracted effects of injections of acetylcholine on the 
central nervous system have been noted also in intact animals. Keith 
and Stavrakj”® have shown in certain forms of experiments that 
acetylcholine prevents the onset of convulsions induced by thujone. 
Coombs and Cope’^ have confirmed this observation in regard to 
camphor and have emphasized the fact that the effect of acetylcholine 
on the central nervous system, after intravenous injections of the 
latter, persisted as long as 10 minutes, while Ellis and Weiss, Lanari^® 
and Harvey, Lilienthal and TalboP^ observed that erythema and 
diaphoresis in an extremity lasted for 10 to 15 minutes after intra- 


* Significantly, Cooper® in an attempt to treat upper motor neurone lesions with 
intraoral administrations of acetyl-beta-methylcholino, noted that an increase of spas- 
ticity took place in the paralyzed limbs. (A re^dew of the literature on the question of 
treatment of neurologic conditions with choline derivatives can be found in a recent 
article by Ward, A. A., and Kennard, M. A., Yale J. Biol, and Med., 15, 189, 1942.) 
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arterial injections of acetylcholine in human subjects. This slow type 
of response is particularly interesting in the case of the action of acetyl- 
choline in view of its rapid rate of destruction in the bodj^ 

The blanching of the hands and discontinuance of sweating, as well 
as the relief from burning pain, which took place after the injection of 
mecholyl in the case of spinal injury (Case 4) were outstanding exam- 
ples of the prolonged effect of mecholyl on sensitized nerve cells located 
in the isolated spinal sj^pathetic centers or peripheral S3"mpathetic 
ganglia, the vasoconstriction caused by the stimulation of these struc- 
tures probabty , accounting for the relief from pain and cessation of 
sweating, though as regards the latter, conditions maj’^ be more com- 
plex (Kahn and Rothman).^* 

The reaction in the case of Rajmaud’s disease had certain similarities 
with that observed in patients with lesions of the central nervous 
sj^stem. It is interesting that Starr^® noted a different response to 
mecholjd given by injection or bj’^ the oral route in some peripheral 
vascular derangements, the former diminishing the circulation in the 
affected limbs while oral administration of mecholjd increased it. 
Page,^- who suggested a central action of mecholyl, noted that upon 
subcutaneous injection it failed to cause vasodilatation in the hands 
and feet of hypertensive patients, whereas Goldsmith^* observed a 
marked vasodilatation in the digits upon oral administration of 
mecholjd to a similar group of patients. Finally, Villaret and Even^® 
and Villaret and Justin-Besan^on^® described a spectacular diminution 
of night sweats in tuberculous patients following injections of acetylcho- 
line. This effect is most interesting inasmuch as in normal individuals 
acetylcholine causes an increased diaphoresis (Ellis and Weiss, 
Harvej’’, Lilienthal and Talbot^^ and others). It appears possible that, 
all these observations point to an increased irritability of certain groups 
of nerve cells to chemical agents in a variety of pathologic conditions 
as well as in the case of structural lesions of the central nervous sj'^stem. 

If this view is adopted, also the difference in the response to aceti'l- 
choline of epileptic patients and normal human subjects becomes 
readily understood. Williams®^ described a marked increase in the 
electro-encephalographic manifestations of epilepsj'^ after injections of 
0.25 mg. of carbaminojdcholine or 30 to 60 mg. of acetylcholine and 
presented a record of a clinical epileptic attack induced b^-^ means of an 
intravenous injection of 30 mg. of acetylcholine. No similar results 
could be obtained in normal controls, and in order to produce in non- 
epileptic human subjects (mental patients) tonic extensor spasm 
analogous to those described in intact cats (Stavrak^-®®), Harris and 
Pacella^® found it necessary to inject quantities of acetylcholine ranging 
from 220 to 500 mg. 

Summary and Conclusions. In patients with lesions of the frontal 
lobe, intramuscular injections of acetyl-beta-methylcholine (jMechotyl) 
resulted in contralateral signs of excitation of the sjunpathetic nervous 
system, such as a slight dilatation of the pupil, and blanching, coldness 
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and diminution of sweating over tlie extremities and lower part of the 
trunk. 

In cases in which the premotor and motor areas were involved, signs 
of excitation of the sympatlietic nervous system were particularly 
prominent. In addition there were some motor manifestations, an 
increase of spasticitj' and the exaggeration of reflexes. All these 
occurred on the side of the body opposite to the lesion. 

These effects of mecholjd are interpreted as resulting from a selective 
sensitization to chemical stimulating agents of partially isolated nerve 
cells situated in the chains of descending neurones of the brain and 
spinal cord. 

The writers wish to express their thanks to Lt. Col. T. Morrison, Dr. A. Turnbull and 
the Staff of tlie tVestniinstcr Hospital for their helpful cooperation during the progress 
of this study. 
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Infectious mononucleosis is usually a , self-limited benign disease, 
but it may be complicated, as in tbe following case, by spontaneous 
rupture of the spleen. 

Case Report. The patient, a 33 year old white male, American born, of 
English descent, occupation bank clerk, had been in good health and detailed 
questioning failed to reveal any history of splenic disorder. On May 19, 1943, 
he developed a mild sore throat and found that he was running a low grade 
fever. The sore throat subsided after 2 days but the fever persisted and 
gradually increased. He was first seen on May 30; chills, sweats and marked 
weakness constituting the chief complaints. The temperature was 100® E.; 
there was slight but definite tenderness in the upper right abdominal quadrant, 
otherwise the physical examination revealed nothing remarkable. By the next 
day, upper right abdominal pain was a conspicuous complaint, the liver edge 
was found to be 3 fingers’ breadth below the right costal margin, and slight 
jaundice was noted. There was no lymphadenopathy. 

The patient was hospitalized for observation. The admission blood count 
was as follows: hemoglobin 98% (Dare), red count 4,900,000, and the 
white count 7800 (75% neutrophils and 25% lymphocytes). The urine exam- 
ination presented nothing abnormal except the presence of bile. The sedi- 
mentation rate was 19 mm. in the first hour. Agglutination tests for typhoid, 
paratyphoid, brucella and proteus OX-19 were negative. 

On June 2 the white count was found to be 17,900 (40% each of neutrophils 
and lymphocytes and 20% large mononuclear cells). By this time jaundice 
was marked and the liver edge was 5 fingers’ breadth below the costal margin. 
Exquisite tenderness was present in both upper abdominal quadrants. The 
inguinal and axillary lymph nodes had become enlarged and tender. The 
fever ranged from 100° to 101° F. Morphine was necessary for the control 
of abdominal pain. By June 3 the white count had risen to 34,300 (25% 
neutrophils, 58% lymphocytes— 80% of which were large— and 17% large 
mononuclears) . The heterophil antibody test (Paul and Bunnell) was positive 
at a dilution of 1:3584. Cervical lymphadenopathy was noted for the first 
time and the spleen was palpable 4 fingers’ breadth below the left costal margin. 
Tenderness in the upper abdomen continued to be most marked. 

Between the dates of June 3 and 5, the patient seemed to be impro\Tng as 
the jaundice, abdominal tenderness and fever were receding. At 6.30 a.m., 
however, on June 5, he was awakened from sleep liy a stabbing, agonizing jiain 
iii^the mid-epigastrium and back. He promptly went into shock. The 
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abdomen was rigid and tender. His condition steadity improved as 500 cc. 
of blood plasma and 1000 cc. of 5% glucose in normal saline were given intra- 
venously. Because of the abdominal findings and symptoms, laparotomy was 
done 14 hours after the onset of the attack. The abdominal cavity was filled 
vdth blood which welled out of the incision, making inspection of the viscera 
impossible. By palpation a large tear near the hilus of the spleen was dis- 
covered, and the spleen was removed. Blood plasma was given throughout 
the operative period as fast as it could be made to flow (500 cc. in all) . Surgerj-^ 
was followed immediatel}’^ with another 250 cc. of plasma and then by 500 cc. 
of whole blood. Earlj' the next morning another transfusion of 500 cc. of 
whole blood was given.* The condition of the patient throughout the opera- 
tive and immediate postoperative period was surprisingly good. Twelve 
hours after the operation, the hemoglobin was 47%; red blood cell count 
3,150,000, leukocyte count 30,800 (45% neutrophils, 54% lymphocytes, 1% 
eosinophils) . Convalescence was satisfactor 3 ’- and the patient was discharged 
from the hospital on June 17. A blood count 1 month later was: hemoglobin 
84%, red cell count 3,820,000 and white cell count 11,100 (45% neutrophils, 
43 % l 3 >'mphoc 3 'tes, 6 % large mononuclear ceUs, 6 % eosinophils) . At this time 
the patient was up and about at will and he was discharged. 



Fiu. 1. — Convex .surface of the spleen, showinK torn capsule with protrudiiiK inilp. 


PuOiologic Report. The spleen weighed 4G0 gm., measuring 14.5 b 3 ' 10 Iw 
G cm. The capsule was thin, smooth and tense. A ragged tear along the 
anterior rnargin, 4 cm. in length with protruding soft red pulp, was noted. 
Thi.s opening through the capsule e.xtended oblipueB' ao'o.ss the convex surface 
for 2 cm. and measured 2.5 cm. in dejtth. Its margins were hemorrhagic in 
part, and surfaces made b}' cutting showed several solid masses of red blood 
clot embedded in the splenic substance of the region. These clots tended to 
be P3’ramidal in outline and measured from 0.5 to 2 cm. in their greatest 
dimension (Fig. 1). 

* Blood plasma and whole blood were both obtuiued from the Belle Boafils Mc)iioria| 
Blood Bank. 
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Surfaces exposed by cutting through the spleen at points removed from the 
rupture revealed a homogeneous dull red pulp, which tended to bulge and 
was soft and friable. Malpighian corpuscles were not grossly e^ddent. 

Alicroscopic Examination (Zenker’s fluid and formalin fixation; stained 
with hematoxylin and eosin, phloxine-methylene blue, pjTonin methyl gi'een, 
and Giemsa; Bielschowsky, Foot’s modification, for reticulum): Giemsa- 
stained impression smears from the unfixed spleen contained many small and 
large lymphocytes, and fewer neutrophilic and eosinophilic granulocytes. 

The capsule and trabecul® of the spleen appeared normal except where they 
liad been distorted by hemorrhage into the adjoining substance. The reticu- 
lum appeared normal except where it was disrupted or hemorrhagic. The 
arterial branches and corpuscular arterioles appeared normal. The Malpighian 
corpuscles were small and lacked germinal centers. 



Fig. 2. — Section of red pulp showing large lymphoid cells with spheroidal nuclei, phloxine 

methylene blue stain (X 250). 

The sinusoids were moderately full of blood containing many leukocytes, 
including neutrophils, occasional eosinophils and lymphoid cells. The dis- 
tribution of cells between sinusoids and pulp spaces was nearly equal, and 
tended to obscure the sinusoidal boundaries. In general, the red pulp con- 
tained numerous small lymphocytes together with larger lymphoid cells having 
compact, spheroidal, deep staining nuclei and abundant non-granular cyto- 
plasm (Fig. 2). Macrophages with indented, fusiform, or oval reticular nuclei 
and prominent nucleoli were also numerous. Phagocytosis of nuclear debris 
was evident in these cells. Plasma cells were present, and tended to occur in 
small clusters. A few large multinuclear cells resembling megakaryocytes 
were seen. Eosinophils were fairly numerous in the pulp spaces, while neutro- 
phils were less comnron here than in the sinusoids. The endothelial cells lining 
the sinusoids were large, with faintly eosinophilic cytoplasm. 

No definite evidence as to the direct cause of the fracture or hemorrhage in 
this spleen was obtained from the pathologic examination. It is possible that 
a local lesion jn-eviously existed at the site of the initial hcmoi'rliage; but if so, 
it had been obliterated. 

While the clinical course prior to the appearance of diagnostic signs 
and laboratory finding.s may have been obscure and unusually long, 
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tile chief interest in this case centers around the spontaneous rupture 
of and tlie patliologic findings in the spleen of a patient with infectious 
mononucleosis. To our knowledge, the literature contains but 1 report 
of such a complication. Tn 1041, King' reported the case of a young 
man with infectious mononucleosis, who at the height of his disease 
suddenly developed the picture of an acute abdominal complication 
with shock. Splenectomy was jierformed and the patient recovered. 
The paper includes a pathologic study of the spleen by Dr. Shields 
Warren. 

It seems probable that the spleen shares in the cellular change 
taking place in tlie lymphoid tissues during the course of infectious 
mononucleosis. These changes have been described by Gall and 
Stout^ as consisting of 3 preeminent features; (1) marked proliferative 
activity in the pulp, which serves to obscure the margins of the follicles; 
(2) extensive but distinctly focal proliferative activity of clasmato- 
cytes; (3) appearance throughout the pulp, on the edges of the germinal 
centers and in the sinuses, of large numbers of the specific “ infectious 
mononucleosis cells.” The use of Zenker-fixed nodes, stained with 
phloxine-methylene blue, aids in recognition of these cells, in the 
opinion of these authors. 

Comparative studies of the spleen using a variety of stains, including 
phloxine-methylene blue, shows a general similarity to the changes 
described in lymph nodes. The follicular hyperplasia, which they 
describe as transient, was lacking in the spleen. The red pulp was 
crowded with lymphoid cells of all types, tending to obscure the sinus- 
oidal structures, but evidence of proliferation of these cells in sihi 
was not seen. Proliferative activity of clasmatocytes on a large scale 
was not demonstrable. 

Large lymphoid cells corresponding to those described as “ infectious 
mononucleosis cells” are fairly numerous in both the sinusoids and the 
pulp spaces, and are rather distinctively stained by phloxine-methylene 
blue. 

A search for alterations in the stroma and vascular apparatus of this 
spleen revealed nothing of significance. 

Conclusion. Spontaneous rupture of the spleen should be thought 
of when signs of a very acute intra-abdominal complication suddenly 
appear during the acute phase of infectious mononucleosis. 

Pathologic examination of the spleen removed at operation disclosed 
rupture and hemorrhage with an increase in the lymphoid elements, 
and the presence of an atypical cell similar to that of infectious mono- 
nucleosis as found in the peripheral blood. 

Since this report was submitted, another instance of spontaneous rupture of the 
spleen in infectious mononucleosis, with autopsy findings and histologic studies has been 
reported by E. E. Zeigler, Arch. Path., 37, 196, 1944. 
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Thts review is a plea for the recognition of bacterial species only in so 
far as the application of proper names yield clarity of thought and expres- 
sion. No one knows what a bacterial species is. Among the higher 
plants and animals one has the aid of diverse morphology and the non- 
fertility of members of different species with each other: But among the 
bacteria the one is meagre and the other lacking. In his classical work 
on Immunity and Blood Relationship, Nuttall'* (1904) shoYved that sero- 
logic results in large measure confirm zoologic classification. Systematic 
bacteriologists find serology one of their most valuable tools. Neverthe- 
less, they are still largely dependent upon physiologic activity, including 
pathogenicity, to differentiate one bacterium from another. If the minute 
structure of an enzyme or protein molecule could be seen, doubtless it 
would be found that diverse physiologic function is determined by morpho- 
logic difference. Biology is chemistry; chemistry is physics; and physics 
is the relation of objects in space, if there is any space. Every biologist 
assumes that species are relatively stable; they are the result of evolution 
Yvhich he has no reason to believe has lieen suspended, hut which proceeds 
so sloYvly or so intermittently that it need not deter the giving of useful 
names to the species Yvhich he observes. Names are labels used for con- 
Y^enience in description and, if possible, to indicate genetic relationship. 

Typhoid fei’^er, diphtheria, tetanus, tuberculosis, plague, gonorrhea, 
anthrax, Asiatic cholera; these are specific diseases, each caused by a 
single species of bacteria. Because of this specificity, the identification 
of the microorganism vdth the disease and the ability to reproduce the dis- 
ease experimentally serve to identify the bacterium although morpho- 
logic, cultural and serologic studies serve to make the description more 
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nearly complete and are valuable aids in bacteriologic diagnosis. Perito- 
nitis, pneumonia, puerperal sepsis, sore throat, otitis media, arthritis, endo- 
carditis, meningitis, osteomyelitis; these are not specific diseases and each 
may be caused by a number of different species of bactei'ia. The naming 
of a species of bacteria for a non-specific disease does not constitute an 
adequate description without morphologic, cultural and serologic studies. 

Most of the streptococcal infections fall into the category of non-specific 
diseases. Furthermore, most of the pathogenic streptococci are “oppor- 
tunist” pathogens, frequentlj’^ harbored by normal individuals and pro- 
ducing disease only when opportunity is offered by accident, lowered resis- 
tance, or increased virulence of the microorganism brought about by pas- 
sage through susceptible individuals. Of the human streptococcal diseases, 
the 2 which have the best claims for specificity are erysipelas and scarlet 
fever and yet, as will be seen, it appears that more than 1 species of strep- 
tococcus may cause each of these. 

Streptococcus, as the name of a genus, was first used by Rosenbach-® 
(1884) (Buchanan,® 1925) although previously many authors (Billroth, 
Cohn, '\^finge,.IClebs, Rindfleisch, Von Recklinghausen, Crookshank, Orth, 
Pasteur, Koch; Ogston, Fehleisen) had observed cocci in chains and had 
used the name streptococcus or its equivalent as a morphologic term. In 
1884 Rosenbach,-® in a study of microorganisms from wound infections, 
employed the name Streptococcus pxjogcncs. Although Rosenbach’s 
description was not adequate to distinguish this streptococcus from other 
species as we now know them, the source of his strains makes it highly 
probable that most of them were Streptococcus pyogenes as it is known 
today. Marmorek^^ (1902) noted that most of his strains of streptococci 
of human origin laked rabbit blood added to “peptone bouillon” and 
formed zones of hemolysis about colonies in blood agar. Andrewes and 
HordeF (1906) correlated the fermentation of sucrose, lactose and salicin, 
and failure to ferment mannitol with production of hemolysis. Lance- 
field^® (1933) placed those of her strains of hemolytic streptococci which 
obviously were Streptococcus pyogenes in her serologic Group A. These 
may be regarded "as the essential emendations to the description of Strep- 
tococcus pyogenes RosenbaclF® 1884, cm, Marmorek^’ 1902, Andrewes and 
HordeF 1906, Lancefield^® 1933; a beta hemolj^tic streptococcus wliich 
ferments sucrose, lactose and salicin, does not ferment mannitol, and 
belongs to serologic Group A, although many other authors have added 
correlative and useful tests (Brown"* 1919, Ayers and Rupp® 1922, Edwards^ 
1933, Tillett and Garner®® 1933, Evans 1936®). 

Streptococcus pyogenes, as defined above, is the species most frequently 
found in acute human streptococcal infections ; including wounds, erysipe- 
las, scarlet fever, septic sore throat, cellulitis, puerperal sepsis, septicemia, 
and sometimes in peritonitis, meningitis, endocarditis and many localized 
lesions. Less frequentlj^ one finds other beta hemolytic streptococci in 
many of these pathologic conditions. 

It would be to the advantage of scientific medicine and bacteriology to 
have these differences recognized and reported rather than concealed under 
a single name. Too often simplification of nomenclature is attained by 
ignoring differences. Roily*® (1911-1912) introduced the name Strepto- 
coccus hemolyticus which has enjoyed considerable popularity. He did not 
state the sources of his strains nor did he report other characteristics than 
the appearances produced on blood agar plates. As a proper name 
Streptococcus hemolyticus has neither priority nor the historical definition 
of Streptococcus pyogenes. Some more recent authors have used Strepto- 
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coccm kcmolyiicus as synonymous with Streptococcus pyogenes while others 
apparently mean only a hemolytic streptococcus. The former should 
revert to the valid name; the latter should avoid the use of any proper 
name. Medical literature suffers much from such reports as Strepto- 
coccus hemolyticus Infection Succe.s.sfully (or TTnsucce.ssfully) Treated 
with Sulfonamides and advertisements of disinfectants which are claimed 
to kill Streptococcus hemolyticus within 1 minute. Which hemolytic strep- 
tococcus? Some are sensitive to sulfonamides and some are not. Some 
are more easily killed by disinfectants and heat than others. 

Other hemolytic streptococci than Sirci^tococcus pyogenes, some of them 
belonging to serologic Group A, are less frequentlj”^ isolated from human 
infections. Streptococcus infrcqtiens, as named by Holman^** (1916), was 
a hemolytic streptococcus Avhich fermented lactose, mannitol and salicin. 
Holman listed 29 strains from human sources. By the same definition, 
but adding positive fermentation of trehalose and sorbitol. Frost and 
EngelbrechT^ (1940) reported 828 strains from milk and 76 strains from 
throats of dairy employees. The sources of Holman’s strains make it 
possible that they might have belonged to either serologic Groups A or D. 
The strains of Frost and Engelbrecht might have belonged to Groups D or 
E, the fermentation of sorbitol, making probable the exclusion of those of 
Group A. From autopsies at the Johns Hopkins Hospital during six 
years (1932-1938) there were isolated 33 strains of beta hemolytic strepto- 
cocci which fermented lactose, mannitol, salicin, trehalose and sorbitol; 
these probably belonging to Group D. Seven other strains differed in not 
fermenting sorbitol; these, in the light of later experience, probably 
belonging to Group A. During the next 5 years (1938-1943) serologic 
groupings of all beta hemolytic streptococci was carried out. In this 
period 40 strains, fermenting the 5 carbohydrates, were isolated; all 
belonging to Group D. Two other strains, differing in not fermenting 
sorbitol, were of Group A. This would indicate the probability that most 
of Holman’s strains, also from human sources, were of Group D rather 
than Group A. The beta hemolytic streptococci of Group D have been 
adequately described by Sherman-^ (1937). Since Holman may have had 
one or more Group A strains among those which he described, Strepto- 
coccus infrequens Holman^'^ 1916, cm. Brown® 1939 may be emended to 
include only those beta hemolytic streptococci of Group A which ferment 
lactose, mannitol, salicin and trehalose but not sorbitol. Of the 9 strains 
mentioned above, isolated in this laboratory, 5 were from lungs, 2 from 
bronchi and 2 from heart blood. 

Streptococcus crysipclatos was named by B.osenbach-'’ (1884) although he 
gives credit for its discovery to Fehleisen” (1883). Rosenbach regarded 
Streptococcus crysipclatos as different from Streptococcus pyogenes, princi- 
pally on the basis of minute colonial differences, but most authors have 
come to regard them as identical. Birkhaug® (1925) and Tunnicliff^^ 
(1926) consider Streptococcus erysipclatis a distinct species. Evans and 
Verder'® (1938) found that some of Birkliaug’s strains were of Group C, 
whereas erysipelas strains from other sources were of Group A. Since the 
strains of Fehleisen and Rosenbach cannot be identified, the name Strep- 
tococcus erysipelatos (or erysipclatis) should not be used without exact 
descriptive emendation. 

Streptococcus scarlatinse Klein*® (1887) was applied to streptococci 
derived from cases of scarlet fever in England. Gordon*® (1903-1907) 
and Andrewes and Horder* (1906) found that most of their scarlet fever 
strains fell into 2 fermentative groups, those which fermented salicin and 
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those which did not. Taking into consideration their hemolytic character, 
Andrewes and Horder regarded the former as Streptococcus pyogenes and 
named the latter Streptococcus anginosus, n. sp. Other differences (cul- 
Inral, serologic and phageologic) also indicate that the salicin fermenting 
and non-fermenting streptococci from scarlet fever cases can hardly be 
regarded as of 1 species (Williams-® 1932, Evans® 1937, Sherman®^ 1937). 
The question is further complicated by the existence of 2 serologic groups 
(A and G) among strains of Strep>tococcus anginosus Andrewes and Horder. 
The strains from scarlet fever apparently belong to Group A, while some 
from other sources lielong to Group G. Obviously, the reasons which led 
Andrewes and Horder to reject the name Streptococcus scarlatina {nomen 
ambiguum or nomen conftisum) would argue for the rejection of Strepto- 
coccus anginosus. The only way to conserve these names is to emend 
them in the light of recent discoveries. Evans® (1937) has proposed to 
do this for the salicin negative, scarlet fever strains of Group A and, if 
one follows her, the name should be Streptococcus scarlatinse Klein'® 1887, 
cm. Evans® 1937. Since this would remove sueh strains from Strepto- 
coccus anginosus Andrewes and Horder' 1906, it would seem in order to 
confine the name Streptococcus anginosus to certain streptococci of Group G 
as suggested by Sherman®' (1937). In any event, it must be borne in 
mind that Streptococcus scarlatinse Klein'® 1887, cm. Evans® 1937 is not the 
streptococcus of scarlet fever but is a streptococcus of scarlet fever. 

Streptococcus alactosus Brown' 1919, cm. 1939 is a beta hemolytic strep- 
tococcus of Group A which ferments mannitol, salicin and trehalose but 
does not ferment lactose nor sorbitol. It liquefies human fibrin and does 
not hydrolyze sodium hippurate. The first strains, described by Smith 
and Brown®® (1915), were from an institutional outbreak of sore throat 
in 1913; 2 of the strains from peritoneal pus and 2 from throats. Immune 
serum prepared against one of these strains agglutinated the others to 
high titer and did not agglutinate strains of Streptococcus pyogenes {epi- 
demicus). Although this outbreak was described along with other “pre- 
sumably milk-borne epidemics,” there was no evidence that it was milk- 
borne. The streptococcus was not found in samples of milk from 25 cows 
supplying milk to the institution. So far as I know, this streptococcus 
has never been found in other than human pathologic material, and very 
rarely in that. During a period of 5 years it has been isolated twice from 
lungs at autopsy; both cases of lobular pneumonia following upper respir- 
atory infections. One of the cases had been treated with sulfanilamide 
without satisfactory response. Under the name “ Streptococcus hemolyti- 
cus II,” Holman" (1916) reported 1 other strain of a hemolytic strepto- 
coccus which fermented mannitol and salicin but not lactose. It was from 
an abscess of the chest wall. 

Conclusion, Named as emended above, 4 species of beta hemolytic 
streptococci of Lancefield’s serologic Group A may be distinguished. 
They are as listed in Table 1. 

It is realized that the relative prevalence might be quite different in 
material from other sources, e. g., normal throats, intestines or the genito- 
urinary tract, or in material taken at different times or in other localities. 

It might be convenient to regard species II, III and IV as “variants” 
of Streptococcus pyogenes, but is there any justification for it and would 
it be informative to have them so reported? If, as is commonly recog- 
nized by geneticists, variation in the direction of loss of characters is much 
more common than is the acquirement of characters, perhaps Streptococcnis 
infrequens should be regarded as the parent species. Its infrequence is 
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no argument for or against its systematic significance; specimens of 
“missing links” may be rare. Although there may be experimental evi- 
dence that, after unusual treatment or prolonged selection, variation with 
respect to carbohydrate fermentation may occur, the fact remains that 
cultures of these species have been preserved for manj^ years without evi- 
dence of variation. Furthermore, if variation occurs, it is important to 
recognize the variants; they may present differences in pathogenicity or 
in susceptibility to drug treatment. Only by the slow accumulation of 
exact records can these problems be solved. Our plea is less for correct 
nomenclature, desirable though it is, than for exact nomenclature. Opin- 
ions may differ regarding the former, but not the latter. 

Tabi.e 1 

Dextrose Prevalence* 




(final pH) 

Lact. 

Mann. 

Sal. 

Treh. 

Sorb, at J. H. Ho.sp. 

I. 

8. pyoaenes . 

. 5 0 =fc 

-1- 

— 

+ 

+ 

— 83 strains 

II. 

S. infreguens . 

. 5 0± 

+ 

-f 

+ 

+ 

— 2 “ 

III. 

S. scmlalinse . 

. 5.0± 


— 

— 

+ 

- 3 “ 

IV. 

8. alactosus 

. 5 . 0 =1= 

— 


+ 

+ 

— 2 “ 


All 4 species are fibrinolytic for human fibrin and fail to hydrolyze sodium hippurate. 
* Prevalence among 203 strains of beta-hemolytic streptococci isolated from autopsies 
at The Johns Hopkins Hospital during a 5 year period. 
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Immunity resulting from pretfious exposure to the infectious agent 
has long held first place in studies Avhich seek an explanation for resistance . 
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to infectious disease. It is clear that immunity from a previous infection, 
in measles, for example, affords resistance to subsequent infection. In 
other diseases, Avhere some or even the majority of individuals, even though 
infected, never develop clinical disease, a favorite explanation has been 
subclinical immunity from “repeated bombardment with small subinfective 
doses.” It has now become clear that in many diseases, other forms of 
resistance independent of antigen-antibody mechanisms play a major role. 

Amongst the numerous hypotheses which have been considered to ex- 
plain the inborn or acquired, constitutional or environmental, temporary or 
permanent, autarceologic resistance, faulty nutrition has become a 
generality. 

“Clinicians generally agree that a deficiency in vitamins or other 
essential food elements usually results in a lowered natural resistance to 
bacterial infections,” begins a recent editorial, the occasion for which was 
the clear-cut experimental demonstration that a number of vitamin de- 
ficiencies as well as dietary depletion have the opposite effect — a marked 
increase in natural resistance to several virus infections. 

The idea of dietary deficiency as a factor in resistance to infection 
seems to have for its foundation, first, the long association between famine 
and pestilence; and, second, the distinct association between vitamin A 
deficiency and xerophthalmia (not an infectious process itself, but fre- 
quentlj" followed by secondary infection). 

Famine and Disease, Countless references to famine are coupled with 
the phrase “followed by a plague or pestilence.” One of the earliest notes 
occurred in 503 to 443 b.c. in India. “During the reign of the Emperor 
Tei-chund, extending over this period, there was a great pestilence and 
famine.” Every century had at least one note of famine and plague, 
even through the 19th century. From 1193 to 1196 in England and 
France, famine was occasioned by incessant rains, and “the common 
people perished everywhere for lack of food, and in the footsteps of famine 
the fiercest pestilence followed, in the form of an acute fever.” In 1600 
in Russia — “famine and plague, of which 500,000 died,” and so on.'^^ 

In many accounts of famines, the association between famine and fever, 
especiallj'’ typhus, has been remarkable. Hirsclfi'' observed “the coinci- 
dence in time between epidemics of typhus and the state of want brought 
about by failure of the crops, commercial crisis, war, and other far-reaching 
calamities.” Chronicles of the pestilences of war and famine almost 
invariably included typhus fever as an immediate sequel to these disasters. 
Bateman® is credited with being the first to give definite expression to the 
opinion “that deficiency of nutriment is the principal cause of epidemic 
fever.” “Famine and fever as cause and effect” was the title of an essay 
by Corrigan^® folloAving the Irish famine in 1846, and the idea of “hunger 
tjqjhus” became more prevalent. It was a common observation that 
tjqjhus appeared among the poor in proportion to the degree of want they 
had suffered. During the Irish potato famine those people who had had 
insufficient food were most frequently attacked, and this selection seemed 
to support the idea of infectious disease being directly dependent on lack 
of food. 

These older concepts have survived to the present day; as, for example, 
in the observations of Zinsser, Castaneda and Seastbne,^^® who found that 
guinea pigs and rats, subjected to vitamin-deficient diets to a point at 
which deficiency symptoms appeared and then inoculated with typhus 
virus, exhibited clinical pictures indicating a far more severe infection 
than that observed in normal animals after inoculation. There was also 



a wider distribution of Rickettsije and a concentration of organisms that, 
in pleural and peritoneal exudates, amounted to almost cultural pro- 
portions. They remarked, “From the epidemiological point of view these 
experiments at least suggest an explanation of one of the important factors 
which enter into the historical association of high typhus mortality with 
war and famine.” 

Numerous other observers have attempted to place famine correctly as 
merely an indirect cause of epidemics of typhus, pointing out such other 
influences as overcrowding and lack of cleanliness. Several also have 
insisted that epidemics of typhus had frequently occurred in regions where 
there was no question of famine; and that at other times great famines 
were not followed by typhus. Ireland had suffered many famines, while 
typhus in epidemic proportions appeared in only a few of them. 

This concept of the secondary role of famine in disease has been re- 
cently developed by Sigerist®® Avho has supplied a logical sequence of 
events. During a time of famine, living conditions became poorer. Lice 
were more prevalent and once typhus started, it spread rapidly. Water 
supplies may have been neglected, what little food remained was not 
well controlled, and epidemics of cholera and dysenteric diseases resulted. 
Epidemics of plague often started following a drought that caused a crop 
failure. Rats moved closer to man to obtain food and, if plague was 
present, the disease was likely to be passed on to man. The same occurred 
following floods in which the crops, standing or harvested, were spoiled, 
and the rodents joined man to share in what food there was available. 

Xerophthalmia. Severe deficiency of -vutamin A with resultant xeroph- 
thalmia is almost unknown in the United States, and is common only in 
restricted areas in India and China. The loss of resistance to infections of 
various kinds in patients with xerophthalmia has been cited as a charac- 
teristic of this disease. Most reports show that a marked deficiency is 
associated with more numerous and severe infections. In 165 cases 
Blegvad^ found 210 complications: pneumonia, bronchitis, otitis media, 
and so on. His cases undoubtedly suffered from a marked vitamin A 
deficiency, since they were clinical cases of xerophthalmia, but other 
deficiencies that very probably were present were not taken into considera- 
tion. Of Bloch’s^” group of 86 children with keratomalacia, 80% had 
infections of the respiratory tract, ear, urinary tract, or skin. He com- 
pared this group of patients -ndth vitamin A deficiency vfith a gi-oup of 
32 cases with scurvy. In the latter there were only 30 % with infections. 
Only one case of pneumonia was present, in a patient with vitamin C 
deficiency who also had xerophthalmia. The other infections in the group 
of patients with scurvy, mainly mild catarrhal, cleared rapidly. Infections 
in the patients with vitamin A deficiency were not only more frequent 
but also more severe than those in the patients Avith vitamin C deficiency. 
Other®'® reports of small numbers of cases stressed the finding of the large 
percentage of infections seen in patients Avith A'itamin A deficiency. 

Spence,®® on the other hand, found no increase in systemic infections 
in 17 cases of xerophthalmia studied OA^er a period of 12 months. The 
3 older patients had only the complaint of night-blindness, but the others 
had xerosis conjunctivre, Bitot’s spots, or commencing keratomalacia. 
The general health of the families of the 11 youngest patients had not 
apparently changed; the incidence of infection was not increased and 
lowered resistance was' not indicated. A high incidence of skin sepsis, 
impetigo, and boils AA-as present in 99 people examined in the families of 
these patients, but no increase in systemic infections. 



In experimental studies of marked vitamin A deficiency and the result- 
ant xerophthalmia without particular reference to concurrent infection, 
Emmett^® found that, of 122 rats on low vitamin A diets, 98.2 % developed 
xerophthalmia; and in Osborne and Mendel’s®® experiments using 136 
animals on ^’itamin A free diets, only 69 (approximately 50 %) developed 
the disease. This raised the question of possible variation in susceptibility 
in the several strains of animals. These experiments were performed 
primarily to show that xerophthalmia was not due to infection, but was a 
result of ^dtamin A deficiency. 

Anti-infective Vitamin. The idea that vitamin A has properties that 
will increase resistance to infection has led to its being popularly called the 
“anti-infective” •\dtamin. It has been advocated especially by producers 
of \dtamin products for the prevention of the common cold and similar 
infections. In 1935, the Council on Pharmacy and Chemistry of the 
American Medical Association defined its attitude toward the permissible 
claims which advertisers may make for vitamin A in cod-liver oil: “By 
\’irtue of its vitamin A content it promotes growth and, as indicated by 
experimental studies, may be an aid toward the establishment of resistance 
of the body to infection in general, though it has not been shown to be 
specific in the prevention of colds, influenza, and other such infections.”®® 

Wolbach and Howe”® in 1925 noted that the normal columnar epi- 
thelium of the nasal mucosa, trachea, ete., was replaced in \dtamin A- and 
D-deficient animals by stratified keratinizing epithelium. Several factors 
were suggested as causes for increased susceptibility to infection. The 
reduction or absence of mucous membrane secretions that wash off bacteria 
and small epithelial particles would impair this mechanical action. Epi- 
thelial debris,' especially in glands ■ndth blocked ducts, would provide a 
good medium for bacterial growth. The eye changes seen in acute vita- 
min A deficiency were considered due, at least in part, to infection on the 
grounds that resistance was impaired by vitamin A deficiency. However, 
from their work, Wolbaeh and Howe concluded that the substitution of 
keratinizing epithelium was not secondary to infection and that it probably 
was a primary effect due to withdrawal of factors necessary for the main- 
tenance of differentiation of epithelium. The possibility that keratini- 
zation was secondary to the effects of vitamin deficiency on the metabolism 
of tissue was considered also. Mori®® also had reported changes of the 
mucosa in rats deficient in fat-soluble vitamin A. 

Cramer and Kingsbury®® had coneluded that a diet deficient in vita- 
min A impaired the efficiency of the local tissue defenses but did not 
apparently diminish the efficiency of the general defenses. 

The loss of the protective powers of the epithelium due to diminished 
or absent mucus secretion and loss of ciliary motion was listed as one of the 
important predisposing factors to infection by Blackfan and Wolbach.® 

Green and Mellanby®® reported that young rats fed on diets rich in all 
knovm factors except Htamin A invariably died of some infective con- 
dition, especially local infections such as abscess at the base of the tongue, 
bronchopneumonia, infection of the genito-urinary tract, middle ear in- 
fection or similar lesions. The animals, unle.ss too ill when treated, _ were 
cured by ^^tamin A. The results were so impressive and the specificity of 
the vitamin seemed so apparent that they called vitamin A the anti- 
infective vitamin. Mellanby®® observed an epidemic of bronchopneumonia 
in his experimental puppies on a diet deficient in vitamin A, and found 
that the condition did not occur when cod-liver oil or butter was given to 
the animals. Vitamin A appeared to increase the resistance of the puppies 
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to bronchopneumonia. Two views of the mechanism of production of this 
increased resistance were taken; that the epithelial tissues were main- 
tained in a normal condition by the fat-soluble vitamin and became hyper- 
plastic and metaplastic and more susceptible to bacterial infection when 
they were absent; or that a local infection following vitamin deficiency 
caused hyperplasia of the epithelium. Mellanby and Green ct 
also studied the effect of vitamin A on puerperal septicemia with favorable 
results in the first cases. Later investigation did not show this benefit. 

Rats were placed on diets low in fat-soluble vitamin A but adequate 
in other food elements in an experiment by Daniels, Armstrong, and 
Hutton^^ (16 test rats and 29 controls were used). The test rats were 
killed at varying intervals and the heads examined Avith special attention 
to the nasal mucosa. In all of the experimental rats, the nasal mucosa 
Avas covered with thick creamy exudate. The middle ears of 6 AA^ere ex- 
amined, all of which Avere filled Avith pus; 3 had abscesses at the base of 
the tongue. Two rats after 9 and 11 weeks on the vitamin A-deficient 
diet Avere given cod-liA^er oil for 2 weeks, and then were killed and examined. 
Both of these had pus on the nasal mucosa and in the middle ears. One 
rat killed after 4 weeks on loAv Autamin A showed no inflammation of the 
nasal mucosa, while 2 others after 6 and 8 weeks on the deficient diet had 
marked nasal inflammation, and 1 also had pus in the middle ear and an 
abscess at the base of the tongue. Of the 29 controls, only 5 showed a little 
reddening of the nasal mucosa and no exudate, middle ear infection or 
abscesses at the base of the tongue. They concluded from their findings 
that fat-soluble vitamin A plays an important role in immunity to pyo- 
genic infections, and that a general breakdown following diets Ioav in the 
fat-soluble vitamin is secondary to this infection. Bacterial invasion of the 
mucous membranes of the nasal cavities and ear seemed to advance more, 
easily Avhen the diet was deficient. It has been assumed that some fats, 
especially cod-liver oil, have a beneficial effect in tuberculosis and some 
other infections, and the authors belieAfed that the findings of this experi- 
ment seemed to provide evidence in support of these clinical observations. 

McCollum®* early described infection present in rats on a diet free 
from fat-soluble Autamin A. 

Hess, McCann, and Pappenheimer,^ Goldblatt and Benichek,*^ Turner,^*” 
Sherman and Burtis,® Macy and Outhouse,®® Harris ct ah'*® all found a high 
percentage of incidental infections in rats receiving a diet deficient in 
Autamin A. 

Turner and associates*®’®”® reported Gram-negative cocci present in the 
upper respiratory tracts and middle ears of rats suffering from lack of 
vitamin A. They Avere shoAvn more frequently in the animals that showed 
the most seA’^ere symptoms of vitamin A deficieneJ^ Tyson and Smith®”* 
noted infection ahvays present even in the earliest stages of Autamin A 
deficiency and in late cases it Avas the predominant feature. 

Torrance”® found that feeding increased amounts of Autamin A to 
guinea pigs did not increase their surAUA-al time after injection of diphtheria 
toxin. Vitamin A assay of the liA'ers brought out the fact that cod-liA^er oil 
had not increased the vitamin A storage. Later investigations,”® using 
tetanus toxin, did not establish a correlation between the amount of 
Autamin A in the liArers of guinea pigs injected Asuth bacterial toxin and 
their length of survival time. The livers of animals from which bacteria 
were recovered at autopsy showed a loAA'er level of vitamin A than in the 
liA’ers of the guinea, pigs that contained no organisms. 

The amount of vitamin A in the human liver has been determined by 
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several workers (Laqueur, Wolff, and Dingemanse Wolff’ and Moore®^). 
They found low values of vitamin A present generally in the livers of 
persons who have died from infections, but a rather wide range was seen 
in any infection or disease. The possibility that Autamin A stores are 
depleted from underfeeding or by infection should be considered. A 
decrease in blood carotene and vitamin A has been found by McCoord and 
Clausen.^f’iw 

A great number of experiments wuth various organisms and using several 
techniques have been reported. McClung and Winters^^ found a marked 
increase in susceptibility to infection w'ith Salmonella cnteriiidis injected 
intraperitoneally in a group of rats on a vitamin A-free diet for 7 weeks. 
Lassen®^ using vitamin A-deficient rats inoculated by mouth and sub- 
cutaneously with paratyphoid, reported a marked decrease in resistance 
of these animals as compared to rats on adequate diets. Vitamin A-defi- 
cient rats injected intraperitoneally w'ith a bacillus of the mucosus capsu- 
latus group in Boynton and Bradford’s^- study showed markedly decreased 
resistance to the infection but no increased susceptibility in rats on a 
vitamin D-deficient diet. Spindler,®" infecting rats vdth Nippostroiifjijlus 
vmris and repeating the infection later, found that the animals deficient 
in vitamin A had had their resistance to superinfection markedly lowered. 
The effect of diet in epidemic infections in mice was studied by Topley, 
Greenwood, and Wilson.®® They inoculated 25 mice with B. sertnjekc, 
put them into cages with 100 normal mice and Observed them for 60 days. 
The addition of an excess of fat, butter or lard or a vitamin A concentrate 
seemed to produce an unfavorable reaction that was not shown when the 
mice were injected intraperitoneally. The addition of cabbage, carrots, 
or mangoes to an adequate diet did nothing to lessen the severity of the 
epidemic. They did not obtain any evidence that various additions to the 
diet increased resistance so as to produce a significant decrease in mortality 
under epidemic conditions. 

Webster, in experiments the most striking result of which was success 
in the development of highly resistant or highly susceptible strains of 
mice to a given infection by selective inbreeding, tested the effect of 
nutrition on susceptibility. He found*®® that mice fed on a McCollum 
complete diet were more resistant to mouse typhoid, mercury bichloride 
intoxication and botulinus toxin than were similar mice fed on bread and 
pasteurized milk supplemented by an oatmeal and buckwheat mixture 
and dog biscuit. In Pritchett’s experiments, 5 % butter fat or cod-liver 
oil added to a bread and milk diet appeared to increase the resistance of 
mice to per os infection Avith the paratyphoid mouse bacillus, but mice fed 
on a vitamin A-free fat diet shoAved no increased mortality as compared 
to those on a diet Avith cod-liver oil. In later e.xperiments bj’^ Webster*® 
Avith epidemics in mice he used variations from adequate to optimiiiu 
constituents in the diet as one method of controlling the amount and 
severity of infection. 

Greene®^ reported spontaneous infections Avith B. pyocyaneus m A'lta- 
min A-deficient rabbits and greater susceptibility to intraA^enous infection 
Avith Type 1 pneumococcus in these deficient animals than in normal 
controls. The vitamin A-deficient rabbits AA^ere more susceptible to 
intranasal infection with B. lepisepticum than control animals. 

Microscopic lesions Avere reported in 100 % of Autamin A-deficient rats 
by Gross,®® although no clinical signs had been noted. Hou'*® also observed 
a high incidence of spontaneous infection in rats on Autamin A-deficient 
diets. 
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Rats and rabbits, suffering from lack of vitamin A, became less resistant 
to infection with the anthrax bacillus and the pneumococcus; but, as 
Werkman^^® pointed out, rats suffering from lack of vitamin B likewise 
were more susceptible to these infections, but since starvation also de- 
creased their resistance, these results -were not specifically due to vita- 
min A deficiency. 

Evidence that there has been a \’isible decrease in morbidity statistics 
since the discovery and mass production and ingestion of vitamins is 
lacldng. As Simmonds®’' has stated, “With the possible exception of 
pellagra, clear-cut clinically defined disease entities of dietary origin have 
not played a large part in mortality and morbidity statistics.” 

To summarize the results of investigations, indications are that vita- 
min A prevents a type of keratinization of tissues that is produced by 
deficiency of vitamin A, and reduces the possibility of secondary infection. 
In this way it might be termed “anti-infective” but there apparently is 
no effect on general immunity; and its therapeutic use in specific infections, 
an actual deficiency is present, has not been justified. The question 
of the influence of vitamin A on the epithelial tissues of the lung in pneu- 
monia when there is a deficiency is controversial. Thus the evidence at 
present shows that vitamin A is not the only or most important factor in 
prevention of infection. “Anti-infective” vitamin wth its present impli- 
cations is a term which as yet does not appear to be justified. 

One critic,^® himself a nutritionist, sums up the situation in the following 
homely style, “ Today vitamin A is often spoken of as the 'anti-infective 
vitamin,’ and it is suggested that if you take enough of it it will prevent 
your catching coughs and colds, and the commoner infectious diseases, 
such as measles, chickenpox, or scarlet fever, etc. It is even claimed (as 
you will have noticed if you read the advertisements) that should you 
have already caught ope of these infectious diseases a dose of vitamin A 
will help you to recover quickly.” 

“ How did this theory start? Well, it was known that animals dying 
from vitamin-A deficiency became infected, and it was assumed rather 
too easily that a kind of generalized converse was true also, that is, that 
‘infections are due to vitamin-A deficiency.’ The logic of course is at 
fault, and the theory also in my opinion is at variance with the known 
facts. . . . The position therefore in a nutshell is this. If you take 
insufficient vitamin A, you are certainly liable to develop special kinds of 
localized infections. It is wdse, therefore, to take care that your diet is 
adequate and well-balanced. But this has nothing to do with ordinary 
infectious diseases as commonly met with; and in any case most people in 
this country do appear to get ample vitamin A, so that in such circum- 
stances it seems futile to try and treat ordinary infectious diseases and 
septicaemias with vitamin-A medication.” 

Vitamin B deficiency and susceptibility to several infections have been 
studied by many workers. Badger, Masunaga, and Wolf^ obtained evi- 
dence that rats on a thiamin-deficient diet were more susceptible to rat 
leprosy than were, normal rats. Rose and Rose^® injected dogs partially 
deficient in vitamin B with Staph, aureus. They found that they appeared 
more susceptible to deleterious effects of artificial infections with Staph, 
aureus and the sur\dvors had positive blood cultures longer than the con- 
trols. Pemberton and Bessey^® reported that riboflavin-deficient rats 
showed loss of resistance to murine typhus. Rats on a ^^tamin B com- 
plex-free diet and infected with an enteritidis organism had 19 % survivors 
as compared to 75 % survivors with brewers yeast added to their diet in an 
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experiment by Ross and Robertson.’® Rats on a diet deficient in either 
riboflavin or thiamin and infected with Nippostroiigylus muris showed a 
marked reduction in resistance in Watt’s work.’®® 

Wooley and Sebrell”® reported that mice deficient in ribofla\dn or 
thiamin were more susceptible to a fatal infection with pneumococcus 
Type 1 inoculated intranasally than mice on an adequate diet. They 
carried out paired feeding experiments to show that this increased sus- 
ceptibility was not due to a restricted food intake. Large amounts of 
ribofla^’^n or thiamin given at the time of inoculation did not reduce 
mortality in the deficient group. 

A life-long deficiency of vitamin Bi, in rats resulted in a shortened 
duration of life and decreased reproduction in a study by Drummond and 
associates.®’ The incidence and severity of chronic lung infections, as 
well as other disorders and tumors was not influenced by the vitamin 
deficiency. 

Increased resistance to ulcerative cecitis of rats on a diet deficient in 
the vitamin B complex was observed by Bloomfield and I>ew.” The con- 
trols on a normal diet had an incidence of 50 % of cecitis and the animals 
deficient in the B complex showed insignificant lesions in 19 %. The cause 
of cecitis is questionable, many of its features suggesting a \drus disease. 

Vitamin C-deficient diets have been shown to increase the susceptibility 
of guinea pigs to various infections. Theobald Smith®® noted pneumococcus 
pneumonia in his guinea pigs, which was controlled by adding green fodder 
to the diet. Findlay®’ reported that guinea pigs fed on a diet deficient in 
vitamin C succumbed to a smaller infecting dose of the pneumoccocus, 
Staph, aureus, Strep, hemolyticus, and B. coH, and Werkman, Nelson, and 
Fulmer’” found that vitamin C-deficient guinea pigs revealed a definite 
though not marked break in resistance to infection by the pneumococcus 
and B. anthracis, but no difference in their ability to produfce specific 
agglutinins for the typhoid bacillus as compared vdth healthy animals. 
Markedly scorbutic guinea pigs showed a drop in resistance to B. 
nccrophorum in McCullough’s®’ experiment, Avirulent human strains 
produced minor abscesses in these deficient guinea pigs although no re- 
action was evident in animals on adequate ^^tamin C diets. McCullough 
noted that a severe scorbutus was necessary before a drop in resistance 
became e^ddent. Chronic subscurvy with a superimposed Beta hemo- 
lytic streptococcus infection that produced an arthopathy similar to that of 
rheumatic fever and rheumatoid arthritis was reported by Rinehart, 
Connor and Mettier.’®’’® They suggested that a subclinical degree of 
scurvy may make up the rheumatic tendency which, with an added factor 
of infection, causes the development of rheumatic fever or rheumatoid 
arthritis. 

The addition of vitamin C and other vitamins to the diets of children 
with rheumatic fever did not reduce the incidence of upper respiratory 
infections, and there has been no correlation between rheumatic fever and 
scurvy.®’ In tuberculosis’® and some other infections, more ascorbic acid 
than average apparently is needed to maintain a high plasma level; 
however, there is no evidence that a deficiency of vitamin C causes sus- 
ceptibility to infection. Pijoan and Lozner” recently have concluded that 
ascorbic acid has but two knoivn uses: the prevention and the treatment 
of scurvy. Any other use of vitamin C in man lacks controlled experi- 
mental justification. 

The addition of %dtamin D to a diet rachitogenic but otherwise adequate, 
raised the resistance of rats to a “rat typhoid” infection fed by mouth in 
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an experiment by Robertson and Ross.’'^ Greene^^ showed that more 
susceptibility to intranasal inoculation with B. lepisepticum was present 
in vitamin D-deficient rabbits, and a higher morbidity and mortality 
following intranasal inoculation with Type 1 pneumococcus than controls. 
Nonetheless, from these beginnings which, as has been pointed out, are 
in many respects tenuous or at least “highly experimental,” the idea of 
vitamin deficiency is at the back of many of our troubles with infectious 
disease. 

Factors that have contributed to the expansion of this idea are un- 
doubtedly in the first place, the elucidation of vitamin deficiency as the 
cause of a number of non-infectious diseases : rickets, scurvy, beri-beri, and 
pellagra; and second, advancement in knowledge of the chemical nature of 
vitamins which has made possible their production and sale in seemingly 
unlimited quantity. 

It should be noted here that all the non-infectious diseases due to 
vitamin deficiencies, when viewed epidemiologically, follow limited patterns 
of distribution which in themselves bespeak vitamin deficiency, and show a 
complete correspondence with demonstrated patterns of vitamin de- 
ficiency. Nevertheless, the lack of association between the distribution 
of any of the infectious diseases and known vitamin deficiency has not 
seemed to interfere in the least with generalizations drawn almost ex- 
clusively from laboratory experiments in which animals subjected to the 
severest vitamin deficiencies have been shown to vary in their resistance 
to infection. Watson*®^ summed up the situation briefly, “The available 
evidence, taken as a whole, would seem to suggest that vitamins B and D 
have little, if any influence on resistance, while in the case of vitamin C, 
the observations recorded are particularly confusing and difficult to 
interpret.” 

Another factor that adds to the confusion is the interpretation of 
reported favorable therapeutic effects of various vitamins in a number of 
infectious diseases as an indication that the converse — vitamin deficiency — 
was responsible for the disease. 

For example, good results from vitamin A therapy in treatment of 
measles were reported by Ellison.^® He divided 600 cases of measles into 
2 equal groups, one of which received the regular diet supplied to measles 
cases and cod-liver oil during convalescence, and the other received as 
supplement from the day of admission a concentrate containing 300 Carr 
and Price units of vitamin A and 2000 international units of vitamin D, 
the equivalent of approximately 1 oz. high grade cod-liver oil. This 
supplementary vitamin was continued for from 7 days to 3 weeks. He 
found that, of the treated 300 cases, there were 11 deaths (3.7%), and of 
the untreated cases there were 26 deaths (8.7 %), a difference of 2.5 times 
the standard error, or 3.7 times the probable error. On the other hand, 
Mackay®® and associates found no favorable results in studies apparently 
better controlled. 

Sutliff, Place and SegooP^ treated a series of 509 cases of scarlet fever 
for 10 days after admission with a total of 400,000 U.S.P. units of vita- 
min A. The incidence of otitis media in this series was 9.4% as compared 
to 11.3% in 343 cases w'hich were not treated vnth cod-liver oil. They 
found its prophylactic use apparently was without effect on the liability of 
scarlet fever patients, none of whom suffered from clinical deficiencies, to 
develop otitis media. Clausen^® agreed with the idea that there was no 
obvious benefit from administration of carotene during scarlet fever and 
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was inclined to think that his cases did not suffer from a deficiency of 
vitamin A so no benefit should have been expected. 

The effect of vitamin A on the course or incidence of other infections 
in man has been investigated, but vitamin-A deficiency was not shown 
before the studies began. Donaldson and Tasker*^ believed that a favor- 
able effect on the outcome in pneumonia was obtained from the admin- 
istration of vitamin A. Orenstein,®® however, in the treatment of pneu- 
monia in South African native mine employees, found that 375 cases 
treated Avith vitamin A and 389 cases acting as controls had almost identi- 
cal case mortality, complications, lung involvement, and so on. He 
reported no benefit from this type of therapy. 

The expansion of the idea of vitamin deficiency and susceptibility to 
infection has now extended into the realm of general popularity. In spite 
of the fact that the adequacy of the use of natural foods rather than 
vitamin pills and capsules have been repeatedly stressed by nutritionists, 
the drug store, rather than the grocery store, has become the dispensary 
for Autamin preparations in all sorts of combinations recommended for 
perhaps chiefly the prevention of the common cold, and now, in view of the 
stress on keeping fit during the emergency, for the maintenance of defense 
work at highest pitch. 

The high pitch of vitamin popularity is well portrayed by an article 
in the section on Medicine and the War under the title, “Nation Faces 
Vitamin A Deficit.”®’ In this item the Fish and Wildlife Service of the 
Department of the Interior recently warned that the nation faces a vita- 
min A deficit, that the chief source of vitamin A in the United States, the 
soupfin shark fishery, apparently is being rapidly depleted. It was pointed 
out that landings in February, 1944 were 70 % below those of February, 
1943, although fishermen had intensified their efforts. At the center of the 
fishery, landings for February, 1944 w'ere about one-third those of the 
corresponding month of 1943. The Fish and Wildlife Ser\ace announced 
that vitamin A stock held by producers and pharmaceutical houses at the 
end of February, 1944 totaled approximately 51 trillion units as compared 
to 88 trillion units at the end of February, 1943. They stated that indi- 
cations are that consumption of vitamin A in the United States now 
exceeds production. 

ISvo major factors working in combination seem to have contributed 
to the wholesale consumption of supplementary vitamins which has out- 
distanced the development of any scientific basis for their use. One of 
these has been the development of knowledge of the chemical nature of 
vitamins, which has made possible their manufacture and sale direet to 
the public through modern advertising. For instance, at a drug store 
counter recently, a person whose general appearance indicated an economic 
and intelligence status which made one feel that she needed a good selection 
of food, was heard to ask for a particular pharmaceutical preparation con- 
taining so many units of this and that vitamin with addition of one or two 
of the other vitamins, using their correct chemical names — all in terms 
which compared favorably vdth those used by the most elaborate pre- 
scription witer in the days when materia medica was a pivot on which 
Medicine revolved. 

The other has been the tendency of medicine itself to “try” this new 
line of pharmaceuticals for the many conditions encountered for which 
it has no satisfactory remedy. 

Vitamin Deficiency and Virus Infections. Attempts to show that cer- 
tain vitamins increase resistance of the animal to various virus infections 
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have generally been completely unsuccessful. In several instances it has 
been shown that susceptibility to these infections actually has been de- 
creased. This resistance, to virus disease might be said to have been noted 
indirectly by Underwood^®^ as early as 1789 when he observed that polio- 
myelitis attacked the finest children. In Rous’s®® work, fowls sick from an 
intercurrent disease, characterized by rhinitis, conjunctivitis and marked 
depression and emaciation, were less susceptible to the sarcoma virus than 
healthy ones. The sarcoma nodule may cease to grow and even regress 
during the period of illness in the host, and with return of health the tumor 
may reappear and grow. 

Marsh-Buffalo mice inoculated with sarcoma 180 were maintained on a 
synthetic diet containing vitamins of the B group except Be.® The rate 
of tumor growth showed a marked and significant drop when Be was 
deficient. When vitamin Be was added to the diet without other change 
or increase in the caloric content, the rate of tumor growth increased. 
There was increased rate of growth on a diet completely deficient in B 
complex but with vitamin Be added. Pantothenic acid deficiency had no 
effect on the rate of tumor growth in these experiments. 

Underfeeding appeared to affect the initiation and growth of tumors 
differently.®® Pewer tumors were formed in underfed mice and they were 
initiated at a later time. The rate of growth was about the same in under- 
fed as in full-fed animals. When previously full-fed animals were sub- 
sequently underfed, the rate of groAvth of the tumors diminished. In 
determining the cause of retardation of initiation and growth of tumors, 
the possibility of restricted metabolism and growth of the animals, whether 
produced by underfeeding or an interference with utilization, must be 
considered. 

When rabbits were deprived of food and injected with vaccinia, the 
lesions were fewer or smaller. If the animals were allowed to drink water, 
thus increasing the amount of interstitial fluid, the lesions were even 
fewer. The lesions Avere more numerous if the interstitial tissues were 
dehydrated.®^ 

In experiments by Langenbeck and Enderling®® AA’ith foot-and-mouth 
virus, no protection was reported from Autamins A, Bi, B 2 , C, or D in the 
guinea pig. 

Cowdry, Lucas, and Neff®® in experiments AA'ith a total of 70 Bi-deficient 
and 43 B 2 -deficient rats found that the rats deficient in these vitamins 
shoAved slightly more deaths than do normal rats when injected intracere- 
brally with herpes virus. They did not consider the evidence sufficient to 
show that resistance to herpes Avas actually reduced by these deficiencies. 

Jungeblut®® reported a definite decrease in the percentage of animals 
developing paralysis when natural Autamin C therapy was used in experi- 
mental poliomyelitis. Sabin®® found no difference in the appearance of 
paralysis in monkeys deficient in vutamin C as compared to those who had 
had adequate amounts. The number of experimental animals AA^as small: 
only 12 animals out of 25 surAuved the preliminary vitamin C-deficient 
diet and could be used for the poliomyelitis e.xperiment. There were 
20 control animals on an adequate Autamin C diet. Of the total number — 
32 — all but one developed paralysis; the one AA^as in the untreated deficient 
control group. 

Foster and associates,®* ■®®’®®'®® in experiments with mice on different 
levels of thiamin intake, reported the incidence of paralysis in mice in- 
jected with murine poliomj-elitis Aurus (Lansing strain) on the high- 
thiamin diet to be several times that in mice on the thiamin-deficient diet. 
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In the average of their first 3 experiments, totaling 646 mice, mice on the 
low-thiamin diet had 13% paralysis as compared to 74% in mice on the 
high-thiamin diet. In a fourth experiment, the low-thiamin mice were 
given a maintenance level of thiamin, about 40% of the intake of the 
normally fed mice, to prevent their dying of deficiency for at least 21 
days after inoculation, in which time paralysis would be most likely to 
develop. The low-thiamin group showed no increase in mortality as com- 
pared to the high-thiamin group. The incidence of paralysis in mice on 
the high-thiamin diet was several times that in the low-thiamin group, and 
paralysis was followed by death in a few days. The same workers made 
the interesting observation that a similar reduction in incidence of paral- 
ysis was produced bj'' simple restriction of the stock diet; by restricting 
carbohydrate intake, paralysis and death were delayed. 

A group of 35 mice on a thiamin-deficient diet and a group of controls at 
an optimum level were inoculated intracerebrally with Lansing mouse 
passage poliomyelitis virus in experiments by Rasmussen and associates.’^ 
None of the mice in the thiamin-deficient group showed paralytic symptoms 
by the 14th day, while 25 of the 35 mice on the optimal diet had developed 
paralysis. Inoculations with Theiler’s Aurus were performed on mice in a 
similar experiment by these workers with riboflavin. Nine of the 26 in the 
deficient group developed paralysis, as compared to 16 out of 26 on an 
optimal amount and 15 out of 27 on a high-riboflavin allowance. 

Ward, Sabin, Najjar, and Holt’®® found that children with paralytic 
poliomyelitis gave essentially the same results in thiamin excretion tests 
as those in normSl children, suggesting that thiamin may not be a factor 
in determining whether paralysis will develop. 

Toomey®’ reported experimental evidence that the ingestion of vitamin D 
protected monkeys from poliomyelitis when the virus is later given by way 
of the gastno-intestinal tract, and that the ^^tamin D-deficient animals 
were more susceptible to the disease when given by this route. He also 
presented e^^dence that the ^drus of poliomyelitis will spread along the 
nerves of vitamin D-deficient monkeys if ^^rus is placed in contact with 
postganglionic fibers; poliomyelitis Aurus does not spread along the Avell- 
medullated nerves of healthy monkeys.®® Results of studies by Sabin and 
associates®® were non-confirmative of Toomey’s conclusions, and they 
found no evidence that the capacity of poliomyelitis virus to invade the 
central nervous system along peripheral nerves depended on vitamin A 
deficiency. Freshly passaged virus was used in Salrin’s experiments and 
glycerinated M.V. in Toomey’s Avork; the loAver concentration of Aurus 
probably Avas a factor in the latter’s experiments. 

Cottingham and Mills” haA’^e shoAvn that Autamin deficiency seA'^ere 
enough to retard groAvth produces a corresponding reduction in phagocytic 
actiAuty. In their Avork, the greatest phagocytic actiAuty seemed to occur 
at leA^els of Autamin intake higher than those needed for good groAA'th. 
They pointed out and emphasi7<ed®’ that Ioav phagocytic activity Avas 
present A\4th moderate A’itainin deficiency, Init it rose to normal Avhcn 
A-itamin deficiency Avas seA'ere. The AA'ork of Gellhorn and Dunn®® seemed 
to bear out their results. 

The Common Cold. Reports of experimental Avork on Autamin A and 
its effect on illness, especially colds, are conflicting. Most of the studies 
shoAv that the incidence of colds was less, but controls generally were 
inadequate and volunteers were usually selected for the experiments. 

The subjectiA'e element Avas eliminated in Cameron’s’® study bj' giving 
the controls a placebo. The daily intake of Autamin A Avas calculated for 
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her subjects also. In this experiment the duration of colds was decreased 
by adding 5000 i. u. of vitamin A to a diet already containing 4300 i. u. 
daily, but the incidence of colds was not decreased. 

Clausen^'*'^^. discussed the limits of the anti-infective value of pro- 
vitamin A or carotene. From studies of the carotinoid pigment of tlie 
blood plasma in 1322 children after 2 years of age, he concluded that the}’' 
generally received a diet adequate in vitamin A. Evidence that low intake 
of carotene was responsible for recurrent respiratory infections was not 
obtained. In his opinion, probably not more than 5 to 10% of these 
respiratory infections could be attributed to lack of carotene. 

In several often-quoted experiments on human subjects, contradictory 
and rather questionable results were obtained. One group of young adult 
students were selected at random. They were divided into 3 groups: 
one received 200,000 i. u. vitamin A and 400 u. vitamin D per week; 
another received 400 u. vitamin D as viosterol; and the third group 
received maize oil. They were observed for over a year \vithout evidence 
that supplemental vitamin A reduced the incidence of colds and without 
a significant difference in the frequency of other respiratory infections. 
Winter colds apparently were several days shorter when extra vitamin A 
was given.®'^ 

Another investigation in 4 groups varying in size from 6 to 94 infants 
who were given small, moderate, large, and maximum amounts of vita- 
min A were observed for from 4 to 12 months without showing any signifi- 
cant difference in the incidence or severity of respiratory infections. The 
group receiving the largest amount of vitamin A had no more protection 
against respiratory infections than any of the other groups.- 

Administration of vitamin A in the form of haliver oil or high-vitamin A 
foods to 50 school children diNuded into 2 groups and paired by age, sex, 
nutrition and history of susceptibility to colds showed a decrease in the 
incidence and severity of colds compared to a group of 25 control children 
who had a history of high resistance to colds. Improvement in the general 
health as sho^vn by an increase in weight accompanied this increased 
resistance to colds. The results of this experiment are hardly conclusive, 
since there was involuntary selection for the various groups, as susceptible 
children were put into the groups to be given supplement, and other 
factors such as the general diets and intake of other food essentials were 
not considered.®- 

In 162 medical students examined by Jeghers,'*® over one-third had 
low photometer readings and 12% had clinical manifestations of vita- 
min A deficiency. The incidence of colds in the subnormal group was 
approximately the same as that of the normal students, but they appar- 
ently were of longer duration. 

Several other workers have carried out experiments on small groups 
of individuals in an attempt to show that vitamin A, in particular, is 
efficacious in preventing colds. Winholt and Jordan'^- showed little 
correlation in types of infant feeding and colds. Those with colds had a 
number of ailments other than colds, few of which illnesses Avere of in- 
fectious origin. Cramer^® refers to Dr. Curry Mann’s report that boys 
supplied Avith an extra milk ration in a boys’ school had an improvement 
in gains in weight and height and general health, and a “complete absence 
of illness.’’ Wright, Frosst, Richel, and LaAvrence^^^ gave 20 infants large 
amounts of Autamin A over a period of months, and as controls had 40 
infants under the same conditions but giA'en the amount of vitamin A 
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usually supplied in the group. No appreciable difference in the incidence 
of upper respiratory infections was found in the two groups. 

Cod-liver oil supplied to workers in industry was reported to reduce 
colds, lost time, and hours of absence by Holmes, Pigott, Sawyer and 
Comstock.'*’ One tablespoonful cod-liver oil daily Avas giA^en to 185 from 
December to March inclusive, and 128 Avere used as controls. Of the 
Avorkers receiving cod-liver oil, no colds developed in 55.1 %, as against 
.32.8% in the controls. The cod-liAmr oil group lost time Avas reduced 
51.9%, as compared to 40.6% in the controls. The aAmrage hours of ab- 
sence Avere reduced from 20.4 in 1930 to 12.8 in 1931 in the cod-liAmr oil 
group, and in the controls increased from 17.4 to 25.1. Workers comparable 
in age, Aveight, sex, and type of Avork Avere selected for this experiment, 
but no control or record Avas made of the diet before or during the experi- 
ment. 

Hess, LeAvis and Barenberg*^ found no difference in the frequency of 
colds or the preA'ention of pneumonia and otitis media in 40 infants given 
large amounts of carotene daily, 40 giA'en large amounts of haliver oil, and 
80 no vitamin A supplement; all received viosterol. Infections of the skin, 
as impetigo, AA^ere present in the Autamin groups as often as in the control 
group. 

The effect of A'itamins on respiratory infections in infants was summed 
up by Hess.*^ Vitamins A and D are not effectiA'^e in increasing immunity to 
respiratory infection, Avhile a lack of vitamin C may cause heightened 
susceptibility to infection of the respiratory tract. 

In Beard’s* study, 36 first-year medical students Avere given cod-liver 
oil concentrate tablets daily and the incidence and severity of colds AA’ere 
recorded; 58.3% shoAA^ed a definite prophylactic effect compared to their 
colds in the preAuous year as determined from memory, 11.1% a slight 
prophylactic effect, and 30.6% no effect. During an influenza epidemic at 
the time, 56% Avere attacked, approximately the same percentage that 
occurred in students not receiAung cod-liA’^er oil. In Tress’®^ paper a com- 
parison was made betAA'een the incidence of colds in a test year and the 
year before. Two hundred and twenty-five children took halibut-liver oil 
regularly or irregularly. Of the ones taking it regularly, 78% had feAA'er 
attacks. In a group of 76 children receiving cod-liA'^er oil, 75% of those 
taking it regularly had feAver colds. 

Hoelzeb^ saAV a parallelism betAveen the incidence of colds and nutritional 
hydration from his personal experience. During fasting or marked under- 
nutrition colds did not develop, but appeared after periods Avhen edema 
especially due to protein starAmtion Avas prominent. Keeping the hydra- 
tion of the organism at a relatively Ioav level, mainly by restricting carbo- 
hydrates and maintaining an adequate protein level may have prevented 
some colds. After excessiA''e secretions AA^ere formed, bacteria then maj'’ 
haA'^e complieated the condition. 

Summary. “Few investigators doubt that severe deficiency of 
min A, or any vitamin, will loAver resistance to infection, and almost all 
Avill agree that administration of Autamin A during the course of any 
infection Avill haA^e little beneficial effect on the outcome unless a defici- 
ency is present. Some Avorkers believe that the frequency and high mor- 
tality rate in pneumonia of infants who are deficient in vitamin A result 
from a disturbance of function of the mucosa of all parts of the lungs. 
Others believe that administration of Autamin A in large amounts is 
beneficial in preA'enting common infections of the respiratory tract.^ 4 Ins 
subject, however, is in general extremely controA'ersial. Enough eA'idence 
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indicates that there are many other factors of equal or greater influence 
in infeetion than vitamin A and that there is no justification for calling 
vitamin A the ‘anti-infection’ vitamin.”^® 

In view of such a typical confusing statement, in a handbook of nu- 
trition it should be pointed out that the science of nutrition itself (and 
science tends to be enthusiastic about its ow wares) has by no means 
been responsible for the present state of affairs. McCollum, the dean of 
nutritionists, himself under such titles as “Common Sense and Nutrition” 
and “ "What is the Right Diet?” has continually stressed the importance of 
the right food rather than supplementary vitamins. He®® brought out the 
fact that vitamin A is anti-infective merely in the sense that it prevents 
the typical keratinization of tissues produced by avitaminosis A and that 
it does not affect general immunity. He stated that from experiments 
there is no basis for the belief that vitamin A is clinically effective in 
infections caused by specific pathogenic organisms or in infectious disease 
unassociated with characteristic structural breakdown of epithelial tissue 
and the accompanying localized infection typical of vitamin A deficiency. 

Wolbach early pointed out that the essential lesion in what has been 
made the classic example of vitamin deficiency and susceptibility to in- 
fection was not infection, but only keratinized epithelium which merely 
resembled pus, and infection was secondary. 

Harris, Innes and Griffin"*^ emphasized that the existing data afforded 
no basis for the belief that vitamin A therapy is likely to be effective in 
combatting acute general infections due to specific pathogens or in infecti- 
ous diseases or toxemias unassociated with the changes in epithelial tissue 
and localized infection characteristic of vitamin A deficiency. 

Hess, Lewis and Barenberg^® concluded that our dietary is not deficient 
in vitamin A, and a lack is present generally only as a result of such circum- 
stances as poor selection of diet or defective absorption. 

Studying the vitamin A reserve in over 300 specimens of human liver, 
Moore®® found a wide variation in the amount present with adequate 
amounts in a wide variety of infective conditions. He qualified the term 
“anti-infection” as being justifiable only in a sense cornplementary to the 
idea that a deficiency of ^^tamin A leads to lowered resistance. 

Although the mass of evidence is to the effect that susceptibility to 
a number of experimental infections can be influenced by drastic depriva- 
vation of vitamins, it is quite impossible to interpret the mass, or perhaps 
better, the maze of experimental evidence on vitamin deficiency and sus- 
ceptibility to infection further than to point out that the premises which 
originally formed the basis of the idea are by no means srdficient to sub- 
stantiate vitamin deficiency as an important principle in epidemiology. 

In the first line of evidence, famine and pestilence, it is by no means 
clear that the nutritional deficiency itself makes for the occurrence of 
infectious disease through any lowering of resistance to infection. It would 
appear, rather, that pestilence following famine can usually be accounted 
for more properly as a secondary result of famine due to such factors as an 
accompanying breakdovm in sanitation. This is not to say that disease, 
having dc'veloped, may not run a more severe course or be more highly 
fatal in nutritionally deficient people. 

In the second of these lines, xerophthalmia, the idea of increased sus- 
ceptibility to infection as such appears to be only in part correct. In the 
first place, aggregation of keratinized epithelial tissue, mistakenly called 
pus, appears to account for the emphasis on increased susceptibility; and 
in the second place, the infections which do occur in these cases are not 
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systemic epidemic infectious disease, but, rather, local tissue infections 
which find suitable soil in keratinized epithelium, and hence to he regarded 
as entirely secondary. Finally, this disease — the nearest approach we 
have to a nutritional deficiency as an epidemiologic determinant in in- 
fectious disease — is of extremely limited distribution, and in a pattern 
which can be accounted for on the basis of nutritional deficiency occurring 
in the same pattern. The distribution of disease always reflects its epi- 
demiology. So far, in spite of numerous hypotheses which have been 
advanced so largely from “highly experimental findings,” one cannot 
point to a single epidemic disease which exhibits any distributional feature 
clearly or even partially corresponding to those of any known or even 
suspected nutritional deficiency. Nonetheless, from a few slender threads 
of fact, the supplementing of a dietary from the grocery store admittedly 
containing all the vitamins necessary to health (even though all may not, 
either by reason of incorrect selection, processing or cooking, or for eco- 
nomic reasons obtain a good dietary) by comparatively enormously more 
expensive drug store vitamins taken largely to ward off infections, has 
grown- into one of the nation’s major commercial industries. 

It has now reached the point, for example, where a falling off in the 
catch of soupfln sharks — an only recently added source of ^'itamin A — 
is viewed with alarm as an impending national calamity: 

Perhaps the recent experimental demonstration — even more clear-cut 
than any of the experimental evidence to the contrary — that vitamin- 
deficient animals are actually less susceptible to a number of virus in- 
fections (and these account for the majority of our infectious disease) 
will serve to call a halt on what appears to be a needless and expensive and 
therefore inadequate way of insuring a “balanced diet” to our population. 

This review prompts the formulation of the proposition that vitamin 
deficiency as a factor in susceptibility to infection is not a general epi- 
demiologic principle. The indications are that only deficiencies of certain 
vitamins affect susceptibility to certain types of infections and that these 
occur only in limited areas where these vitamin deficiencies reach a suffi- 
ciently severe degree to produce tissue changes which are favorable sites 
for secondary infection. 
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A CENTURY OF SUCCESSFUL PUBLICATION 


The American Journal of the Medical Sciences 
desires to take this opportunity to congratulate 
thq New Orleans Medical and Surgical 
Journal, and Dr. John H. INIusser, who has 
been its Editor for the last 17 years and was 
formerly editor of this journal, on the completion, 
last May, of its first 100 years of continuous 
publication. There are comparatively few medical 
journals that have survived such a long period of 
service. Among the existing journals in the 
English language, only four are able to point to 
such a record: The Edinburgh Medical and 
Surgical Journal (founded in 1S05), the New 
England Journal of Medicine and Surgery (1S12), 
The American Journal of the Medical Sciences 
(1820) and the Lancet (1825). The fact that the 
New Orleans Medical and Surgical Journal 
has now entered this list of centenarians is evi- 
dence that, like its long-lived contemporaries, it 
has consistently maintained the highest possible 
standard of excellence and in so doing has been a 
powerful influence in the development of medical 
and scientific literature. 



BOOK REVIEWS AND NOTICES 


Rorschach’s Test. 1. Basic Proce.sses. By Samuel J. Beck, Ph.D., Head 
of Psychologj’^ Laboratory', Department of Neuropsychiatry, Michael Reese 
Hospital, Chicago; Associate Professor of Psychology, Northwestern Univ. 
Foreword by Willard L. Valentine, Ph.D., Head of Department of Psy- 
chology, Northwestern Univ. Pp. 223; 20 tables; 10 figs. New York; 
Grime & Stratton, 1944. Price, S3.50. 

Rorschach’s ink-blot test cards proAode a ps 3 '^chometric method whereby 
the subject’s personality may be projected into a standardized environmental 
situation, thus offering a definite objective personality study, j The author, 
who is less inclined to deidate from the teachings of the Master than are some 
others, has intended his book for the student and expert. Since he is not 
convinced that the group technique is of proven value, all responses were 
obtained from the individual; however, the use of group technique in the 
service vdll render its later evaluation possible. Rorschach’s entire procedure 
includes scoring, tabulation of results and finally their interpretation. All 
of the subject’s responses were written down verbatim, then “scored,” i. e., 
recorded in the accepted symbol language, but with no attempt at inter- 
pretation. 

The author has employed some of the numerous Rorschach symbols, giving 
most space to the following: Z, the organization of activity, which in the 
main is concerned with the relations that one or more portions of the selection 
bear to each other; this part of the text is elucidated with 10 fibres. M, the 
movement response, which represents the wish-fulfillment activities, similar 
to those in Freud’s unconscious realm, and the dreamwork of other psycho- 
analysts. FV and Y, light determined response, response expressed by varia- 
tions in light figure values. F-f- and F— include the form quality evaluation; 
the -f- sign indicating the response is a common one, while — means the 
response is a new one. This experienced psychologist and ardent Rorschach 
research worker, has provided a book that is very trustworthy, and that uses 
caution in those problems that are definiteR"^ controversial. N. Y. 


Baby Doctor. By Isaac A. Abt, M.D. Pp. 308. New York and London: 

Whittlesej’’ House, McGraw-Hill, 1944. Price, §2.50. 

Baby Doctor ma 3 " be described as a spirited anecdotal autobiography lyith 
an educational aim. It does more than portray the growth of a sagacious 
pediatrician-teacher from preliminar 3 ' training to retirement age, though that 
tale is told richly with humor and good vdll. The book in addition is a rdsume 
of the great progress attained by the new specialty of pediatrics during its 
first and fruitful half centur 3 L B 3 ’' the device of alternating amusing anec- 
dotes with brief dissertations on medical problems, the author achieves an 
informative^” charming personal histoiy. !• 


Manual of Urology. By R. M. LeComte, M.D., F.A.C.S., Professor of 
Urolog 3 ', Georgetown Univ. Medical Department; Member of the American 
Urological Association. Third ed. Pp. 305; GO figs. Baltimore: Williams 
and Wilkins, 1944. Price, S4.00. 

'This edition of a popular medical student’s textbook continues to give “the 
beginner a groundwork of fundamentals on which to build a larger structure. 
A new section dealing with the innervation of the kidne 3 ’s and pelvic ^^scera 
has been added. This includes several diagnoses and reviews the motor and 
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sensory pathways with particular reference to an interpretation of the mechan- 
ism of pain. . .j ■ 

The discussion -of the treatment of acute gonorrhea with sulfonamides is 
very brief, as is also the consideration of prophylaxis, so vital to our armed 
forces. On the whole, the subject matter is well proportioned and clearly 
presented. The light weight and dull finish of the paper is a boon to the 
reader. H. S. 


The War and Mental Health in England. By James M. Mackintosh, 
M.D., Professor of Preventive Medicine, TJniv. of Glasgow. Pp. 91. New 
York; Commonwealth Fund, 1944. Price, $.85. 

Dr. Mackintosh divides this thin volume of essays into 2 parts; the first 
group bearing the title “The Impact of War;” and the second, “Mobilization 
for Peace.” The last 5 papers are of little general interest to the American 
reader since they deal for the most part with the difficulties which beset the 
various voluntary organizations which are concerned with mental health in 
Britain. The reader searches vainly for the connection with the “war”_of 
Dr. Mackintosh’s title. Even the section on rehabilitation does not mention 
the special and overwhelming problem of the mentally or physically disabled 
soldier. The first group of essays contains more valuable information. 

Perhaps the best thing in the book is a letter which describes a rest center 
for bombed-out refugees. There is also a brief but excellent summary of the 
debit and credit of the government’s evacuation of children. The author 
points out that careful planning is required to prevent maladjustment and 
heartbreak from marring the children’s homecoming after the war. He 
impatiently dismisses the sentimental theory that “a thoroughly bad slum 
home in the city is better for a child than a good foster home in the country.” 
Making smooth the return of children from a better to a worse environment 
will call for the concerted efforts of psychiatric social workers, child guidance 
clinics, and local health authorities. D. P. 


The Wounded Get Back. By Albert Q. Maisel. Foreword by Ross T. 
McIntire, Rear Admiral, Medical Corps, U.S.N., The Surgeon General of 
the Navy. Pp. 230. New York; Harcourt, Brace, 1944. Price, $2.50. 
The author, a correspondent granted special privileges by the Navy to 
inspect their hospital installations in the South Pacific, tells his story well. 
Though a layman, Maisel presents an account of military medical practice 
which will be of great interest to all physicians. Beginning with a description 
of the hospital ship Solace, the author ffiscusses the b^ase hospital in Auckland, 
the aerial evacuation of casualties by SCAT, the facilities at Guadalcanal 
and Tulagi, and includes an excellent discussion of the problem of malaria as 
met by our forces in these regions. Though dealing with a woeful subject, 
the author presents it in a manner so restrained, yet optimistic, that the book 
will be a source of comfort to all who have been left behind. H. S. 


Persistence and Change in Personality Patterns. By Katherine 
Elliott Roberts and Virginia Van Dyne Fleming. Monographs of 
the Society for Research in Child Development, Vol. VIII, No. 3 (Serial 
No. 36). Pp. 206; 26 tables. Washington, D. C.; National Research 
Council, 1943. Price, $1.50. 

This Monograph reports a study of a ^oup of women clients of the Advisory 
Service for College Women from the point of view of persistence and change 
in personality patterns. Traits such as self-confidence were traced through 
each client’s life history to evaluate under what conditions they might persist 
or change. The studies are carefully made with the use of many psychologic 
evaluations and specific tests. 

VOIi. 208, NO. 3 — SEPTEMBER, 1944 


15 



410 


BOOK REVIEWS AND NOTICES 

Life historj’’ material is difficult to study under any method of scientific 
research and the authors have been reluctant to present their findings as 
conclusions. They have produced supporting data for theories which have 
been well accepted by psychiatrists and social workers, and they point out the 
need for more scientific research. M. P. 


Allergy in Practicb. By Samuel M. Feinberg, M.D., Associate Profes- 
sor of Medicine and Chief of the Division of Allergy, Northwestern Univ. 
Medical School; President, American Association for The Study of Allergy, 
1942-43. With the Collaboration of Oren C. Durham, Chief Botanist, 
Abbott Laboratories. Pp. 798; 36 figs. Chicago; Year Book Publ., 1944. 
Price, S8.00. 

The author presents a comprehensive and well-documented account of his 
subject. The first 4 chapters of the book deal with the general aspects of the 
problem of hj-persensiti-vuty in man. Then follows a detailed discussion of 
the different groups of allergens such as fungi, inhalants, foods, drugs and so 
forth. The 100 page chapter on pollens was witten by Oren C. Durham. 
Numerous maps showing the distribution of many common plants as well as 
a brief consideration of the characteristic flora of each state should prove 
helpful to the physician. 

The account of fungi as allergens is actually a short monograph on a subject 
in which the author has done much original work. He concludes “that air- 
borne spores of common fungi constitute a major cause of allergic symptoms. 
The manifestations produced are mainly asthma and rhinitis,” In view of 
the increasing interest in parasitic fungi, this indictment of the free living 
forms should be an added spur to the study of these plants, so long neglected 
by physicians. 

Several chapters are devoted to the study of asthma and hay fever. The 
importance of contact dermatitis in wartime industr}”^ should have merited a 
more extensive discussion of this subject than it has received. Treatment is 
adequatelj'^ dealt with. The author assumes that to treat the allergic patient 
it is first necessary to know something about the nature of allergy and the 
substances producing it. In supplying this information he succeeds very well. 

H. S. 


Clinical Urology. 63 "^ Oswald Swinney Lowsley, A.B., M.D., F.A.C.S,, 
Director of Department of Urology (James Buchanan Brady Foundation) 
of the New York Hospital; and Thomas Kirvun, M.A., M.S., M.D., 
F.A.C.S., Attending Surgeon of Department of Urolog 3 '^ (James Buchanan 
Brad}" Foundation) of the New York Hospital. Drawings by William P. 
Diduseh. Seconded. Vols. 1 and 2. Pp. 1789; 220 figs.; 365 illus. Balti- 
more: Williams & Wilkins, 1944. Price, SIO set of 2 Vols. 

The first edition of this work, presented in 1940, was enthusiasticall}" 
received as an authoritative and easil}" read treatise on urolog}". The man}" 
rapid advances in the urologic field have made necessary the presentation of a 
new edition. The stated purpose of the authors is to present “a practical 
survey of the nature, diagnosis, and treatment of anomalies and diseases of 
the genitourinary organs.” According to the present stage of knowledge this 
purpose is accomplished. The volumes contain not only information on the 
urologic problems of the adult male, but also the problems concerning urolog}' 
in women and children. It is VTitten for the use of medical students, general 
practitioners, general surgeons, and uroloipsts. _ . 

The finst 0 chapters concern general diagnostic procedures; Chapter 1 1 is 
on anesthesia; subsequent chapters take up the urogenital organs in anatonnc 
sequence from without inward. For each organ there is a consideration of the 
embr}"olog}', anatom}', anomalies, physiolog}", injuries and di.sea.ses. Surgical 
and non-surgical therap}" are discussed. The authors’ methods of therapy 
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are emphasized, but they draw freely from the literature the opinions of other 
authorities. 

New subjects presented in this edition are: the renal factor in hypertension, 
surgical treatment of arterial hypertension, calyceal resection, castration and 
hormonal treatment of carcinoma of the prostate, tidal drainage, continuous 
spinal anesthesia, dried blood plasma, new diets as related to urinary calculus, 
and methods of dissolving certain urinary calculi. New advances in chemo- 
therapy as applied to gonorrhea, non-specific urinary infections, and pre- 
and postoperative treatment are thoroughly covered. 

There is an extensive bibliography following each chapter. These compre- 
hensive lists of references should be of great value to anyone desiring to go 
more deeply into any specialized subject. • . - . . 

From every angle this treatise is a most worth-while contribution to the 
urologic literature. L. La T. 


The Electrocardiogram. Its Interpretation and Clinical Application. 
By Louis H. Sigler, M.D., F.A.C.P., Attending Cardiologist and Chief of 
Cardiac Clinics, Coney Island and Harbor Hospitals; Formerly Instructor 
in Medicine, N. Y. Post Graduate Medical School, Columbia University. 
Pp. 403; 203 illus. and plates. New York: Grime & Stratton, 1944. Price, 
S7.50. 

This book is definitely more than “just one more book on ECG.” The 
spate of such publications has subsided in recent years, so that presentations 
of recent developments, such as the criteria for right versus left ventricular 
premature contractions, right versus left bundle branch block, signs of myo- 
cardial disease, chest leads, and the effects of coronary occlusionj etc., are 
conveniently found well considered in this up-to-date presentation. The 
underlying principles are covered briefly in the first 4 chapters. Here one 
regrets that more attention was not given to the ventricular layers with their 
autonomous vascular and conductive tissue connections. One misses, also, 
consideration of Wolferth’s views (1942) on the distribution of potential, 
which are at variance with the electrical axis concept. In the clinical sections, 
a historical note, incidence, pathologic anatomy (miscalled “pathology”); 
and physiologic mechanisms are included for each condition, whenever perti- 
nent. Full references are given at the end of each chapter, and the illustrations 
are numerous and adequate though they lack the uniformly technical excellence 
that we often find in books of this class; and the price is high. 

The Author appears to have made good use of his acquaintance with ECG 
literature, and of a considerable personal experience, in this presentation. 
The possibilities and limitations of the method in the various diseased con- 
ditions of the myocardium, as well as in the arrhythmias, have obviously 
been carefully considered. E. K. 


Der Schwund Tuberkuloser Lungenkavernen. By Prof. Walter 

Berblinger, M.D. Pp. 130; 61 illus. Basel: Benno Schwabe, 1943. 

Price, 15 Swiss Fr. 

This monograph deals with the processes involved in the healing and 
eradication of pulmonary tuberculous cavities. Berblinger reviews at con- 
siderable length the views of various pathologists relative to the possibility 
and mechanism of cavity eradication. It is noteworthy that Aschoff held 
that healing of tuberculous cavities was impossible without surgical interven- 
tion. The author reidews his experience with 32 cavities which had been 
under the suction treatment of Monaldi for periods up to 20 months. When 
their lungs were studied after the death of the patient, he could not establish 
a single case of cavity eradication. Prolonged drainage cleanses the cavity 
of its caseous contents, shrinks its walls, but never completely eradicates the 
specific tuberculous inflammatory changes in its walls. Though the sputum 
of such cases may become free of tubercle bacilli there is no certainty that. 
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with a change for the -worse of the immunologic state of. the patient, exacerba- 
tion may not take place. Only small elastic ca\ities can heal in such manner. 
Larger ca-\ities, -w^hether of the elastic or rigid w'all t3TDe, can heal only bj’- the 
occlusion of the exit bronchus or bronchi of the caAuty which initiates the 
conversion of the cavity into a closed lesion. The author presents a detailed 
study of 9 cavities -which had been observed by Roentgen ray during the life 
of the patients and -were subsequently thoroughly investigated on the death 
of the indi\ddual. He comes to the conclusion that the factor of paramount 
importance in the healing of ca-vities is the permanent closing of the bronchi 
into -which these ca-vities lead. He presents comdncing e\’idence that the 
process begins as a tuberculous bronchitis -ndiich often originates at a con- 
siderable distance from the ca-vity. A non-specific inflammatory process 
then closes the bronchus beyond the tuberculous bronchitis and nearest the 
ca\dty. Once these bronchi are thorough^ closed, the bacilli in the ca-vity 
are deprived of oxygen and die off. The contents of the ca-vity become 
thickened by absorption of their moisture. The progression of the tuberculous 
process in the -wall ceases and the inspissated contents are gradually absorbed 
bj"- the surrounding tuberculous granulation tissue. He emphasizes that the 
outgoing bronchus is sealed before the ca-vity heals, for which he presents clear 
pathologic e-vidence. After the absorption of the caseous tissue from the 
center of the ca-vity the space is replaced by dense fibrous tissue. Often the 
w'all of the exit bronchi becomes enmeshed in this scar -wdiich then has a char- 
acteristic appearance as given b}'^ the islands of cartilage that are seen in these 
scars. 

This is a thorough, comprehensive though somewhat repetitious paper, and 
is of great value to all students of tuberculosis. M. L. 


One Hxjndred Years of American Psychiatry. Published for The American 
Psychiatric Association. By the follo-wnng Contributors: Henry Alden 
Bunker, Albert Deutsch, J. K. Hall, Samuel W. Hamilton, Clyde 
Kluckhohn, William Malamud, Dom Thohus Verner Moore, Winfred 
Overholser, Richar H. Shryock, Henry E. Sigerist, Edward A. 
Strecker, John C. Writehorn, Gregory Zilboorg. Foreword by 
Gregory Zilboorg. Introduction b5'- J. K. Hall. Pp. 649; 35 illus. 
Ne-wYork: Columbia Univ. Press, 1944. Price, S6.00. 

American Psj^chiatrj'^ has indeed progressed far since the foundation of the 
American Psychiatrj'^ Association just 100 years ago, w'hen lunatics -were 
“put away” in an “insane asylum” for the protection of society and the 
convenience of relatives; and further still has it progressed since 100 j'ears 
before that -when lunatics were treated wnth w'hips and chains, as at the Penn- 
sjdvania Hospital (founded in 1751, the first in this countr3'^) to take philan- 
thropic care of the sick and wounded. Yet, as Shr3'^ock here points out in the 
chapter on the Beginnings, brutality at that time was the rule — even the 
“relativety humane” Benjamin Rush advocated the “tranquilizer” and a 
whirling “g3Tator” long after the gentle John Ho-w'ard had done his -W’ork in 
England, and Pinel had struck off the chains from the insane at the Bicetre 
(1792). 

In the handsome volume now before us, one gets a full vnew of 100 3’ear.‘! 
of ps3’chiatr3' in this countr3’-, from the descriptions of the mental hospitals, of 
ps3'chiatric research and literature, ps3'chiatric therapies, and especiall3’ of the 
American Ps3'chiatric Association — which, known at first as the Association of 
Aledical Superintendents of American Institutions for the Insane, celebrated 
its centenar3' at Philadelphia, its birthplace, last ]\Ia3'. An authoritative, -well 
documented production, the work is necessaril3- of interest chiefl3' to ps3’chi- 
atrists; however, Shr3'ock’s and Sigerist’s opening chapters should have a 
much -R-ider appeal, as should also such items as the fact that the American 
P.sychiatric Association was the onl3' national medical bod3' in existence in 
this countrA’ 100 A’ears ago, and that the American Journal of Insanity, just 
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3 months older than the Association, was the fii-st periodical in English to be 
devoted to mental disease. 

Psychiatry has become increasingly recognized by both medico and layman 
as one of the most important branches of medicine, to which fact this book 
amply testifies. The portrayal of the evolution of American psychiatry and its 
present trends and accompUshments is given in such detail that it is beyond 
the power of the Reviewer, not a psychiatrist himself, to evaluate. It should 
not seem altogether captious, however, to call attention to a frequently repeated 
criticism of psychiatry, namely, that in these days of medical objectivity, 
which gained momentum just about the time the American Psychiatric Associ- 
ation was being founded, psychiatry has lagged behind other medical dis- 
ciplines in cultivating this quality. The nature of the human mind and its 
malfunctioning is, of course, chiefly responsible; but it is only since the last 
war that this lack of objectivity has been appreciated (Cp. Freud’s lack of 
even statistical control of his psychoanalytic assertions). One wonders 
whether even today the average psychiatrist is sufficiently concerned about 
this shortcoming. Indeed, may not this be an important basis for the frequent 
criticism that in psychiatric studies “everyone has to start from scratch 
all over again.” In the evaluation of psychiatric therapies, the empirical 
method stiU rules supreme; even in the recently introduced shock therapies 
we hear much about the comparative results of this or that form of shock or 
the best dosage in this or that condition, but painfully little that is objective 
as to why they are of use, or about the anatomical changes they produce. 
Such an uncertain basis may be of some use, but it is not the way that the 
nosology of internal diseases was established, that tuberculosis and other 
communicable diseases were conquered, or the efficiency of the sulphonamides 
and of penicillin proved. Could it be that another Weir Mitchell, as in 1894, 
is needed to jolt more of psychiatric research into objective lines? To be sure, 
Whitehorn’s chapter on Psychiatric Research indicates that in certain centers 
there has been considerable research in recent years; yet the story of all phases 
of psychiatric research occupies but 27 of more than 600 pages of this book, 
and there is only one reference to work published before 1894 and only a 
dozen before the first World War. 

The book is well presented and inexpensive for one of its size and quality. 
The illustrations also are good, though not too numerous and annoyingly 
separated from the text that they illustrate. The answer to possible criticism 
of the handsome format and quality of the paper used is, we understand, that 
pertinent preparations for the volume’s publication had abeady been accom- 
plished before the war time restrictions on printing paper, etc., had been put 
into effect. The obvious care and thought that have been put into this Cen- 
tenary Volume have borne good fruit and a valuable chapter has been written 
into the history of American medicine. E. K. 


PsYCfliATKr AND THE Wab. A Survey of the Significance of Psychiatry and 
Its Relation to Disturbances in Human Behavior to Help Provide for the 
Present War Effort and for Post War Needs. Edited by Frank J. Sladen, 
M.D., Physician-in-Chief, Henry Ford Hospital, Detroit Trustee, McGregor 
■ Fund. Contributions of the Conference on Psychiatry of the Univ. of 
Michigan and McGregor Fund. Pp. 505. Springfield, 111.; Charles C 
Thomas, 1943. Price, $5.00. 

In this volume are gathered together some 30 papers and 2 symposia origi- 
nally presented at the Ann Arbor Conference on Psychiatry held in October, 
1942. Most of the best known names in American psychiatry may be found 
among the list of authors. Part 1 deals with the “Philosophy of Psychiatry,” 
and comprises articles on the significance of psychiatry in sister disciplines such 
as pediatrics, geriatrics and internal medicine. Dr. Percival Bailey has con- 
tributed a particularly incisive paper on psychiatry and general surgery. 
Part 2 covers the topic “Research in Psychiatry.” Part 3 is entitled “Psy- 
chiatry in the Training, Experience and Education of the Individual.” Only 
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in Part 4, “Psychiatrj’^ and the War,” do we find papers dealing with the 
psj'chiatric imphcations of the present world cataclysm. 

One questions the propriety of the title given to a volume which devotes 
two-thirds of its text to matters not connected vuth war. One also questions 
the value of the book as a whole. Are short, 20-minute papers able to do 
justice to topics such as “Psychiatry and Family Life,” “Psychiatrj^ and 
Religion,” “Psychiatry, Its Meaning and Scope”? This book is a collection 
of little papers on big subjects. Inevitably, the vTiters are somewhat over- 
whelmed by the topics selected for them. D. P. 


AIedical Edtjc.ation in the United States Before the Civil War. By 
William Frederick Norwood, Associate Professor of the History of Aledi- 
cine and Associate Dean in the School of Aledicine, College of Evangelists, 
Los Angeles. Foreword bj" Henry E. Sigerist, Pp. 464. Philadelphia: 
Univ. of Penna. Press, 1944. Price, S6.00. 

This carefully prepared, well documented, detailed, and unbiased study of 
American AIedical Education during most of its preparator 3 ' period amplj" 
fulfills the Author’s self imposed task of surve 3 dng “the rise and progress of 
the American S 3 'stem of medical instruction and the institutions of medical 
learning up to the time of the Civil War.” Dr. Nonvood’s reasons for stopping 
at this point (closure of the Southern medical schools, the end of the critical 
period in the medical reform movement of the fifties, the Civil War’s temporar 3 '^ 
stalemating of the movement to elevate medical education, and the bulkiness 
necessitated b 3 ’’ inclusion of a longer period) are good and sufficient. Except 
for the lack of a sharp chronological end-point, however, it might more logi- 
call 3 ^ have been carried to the beginning of the renaissance in American AIedical 
Education in the 70’s; but this is b 3 ’’ no means a xdtal consideration. Let us 
hope that a later volume — to which, for a while in these transition days, 
evei^' succeeding year will be adding important material — will be forthcoming 
before too much time has elapsed and too much water has gone over the dam! 

E. K. 


Technique in Traujla. Planned Timing in the Treatment of Wounds 
Including Burns. From The Alontreal General Hospital and AIcGill Univ. 
By Fraser B. Gurd, AI.D., C.AI., and F. Douglas Ackman, AI.D., C.AI. 
In collaboration with John W. Gerrie, AI.D., C.AI., Edward S. Mills, 
AI.D., C.AI., Joseph E. Pritchard, AI.D., Frederick Sshth, AI.D. Preface 
b 3 ’^ John S. Lockwood, AI.D., Univ. of Penna., and Commentary by Ralph 
R. Fitzgerald, AI.D., C.AI., AIcGill Univ. Pp. 68; 17 figs.; 5 tables; 
3 charts; 3 color charts; 3 color plates. Philadelphia: J. B. Lippincott, 
1944. Price, S2.00. 

This monograph contains 3 excellent articles reprinted from the Annals of 
Sttrgery, vith additional text, with a commentar 3 ’’ by Ralph R. Fitzgerald. 
The authors’ practice and case reports are well set forth and are extremel 3 ’’ 
interesting and valuable. Along with most other authors they have given up 
coagulation treatment of burns, and have laid down their step-b 3 "-step rules 
for the care of burns and wounds. 

The work is a convenient form for reading, and if more wideR^ adopted 
would help settle the “reprint problem” for both author and reader. 


Sl'NOPSIS OF AI.A.TERIA AIeDICA, TOXICOLOGY, .\ND PhAR.MACOLOGY. For 
Students and Practitioners of Aledicine. B 3 ’ Forrest Ramon Davison, 
B.A., AI.Sc., Ph.D., AI.B., Former^' Assistant Professor of Pharmacolog 3 ' 
in the School of Aledicine, Univ. of Arkansas, Little Rock; AIedical Depart- 
ment, The Upjohn Co., Kalamazoo, Alich. Third ed. Pp. 759; 40 illus. 
(4 in color); 35 tables. St. Louis: C. V. AIosb 3 ', 1944. Price, S6.50. 
New editions of pharmacolog 3 ' te.xts can be evaluated best by comparison 
with the standard book in this field, Goodman and Gilman’s “Pharmacological 
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Basis of Therapeutics;” such a comparison is decidedly unfavorable to Davi- 
son's 3rd edition. The latter suffers by the advocacy of many unsound 
procedures (such as the use of low chloride diet to eliminate bromide, the use 
of morphine in asthma, arsenic in malaria, atropine to arrest gastric and pan- 
creatic secretions, 10% CO 2 inhalations for 5 to 10 minutes, etc.). In addition 
Davison often shows a poor understanding of physiologic mechanisms (see 
section on autonomic nervous system, renal function, anoxia) . The diagrams 
are long outdated and often poorly chosen, the arrangement is not ideal 
(“miscellaneous drugs” include antimalarials, parenteral solutions, thera- 
peutic gases, and sodium thiosulfate), the apothecaries system, is often given 
preference over the metric, and there are numerous contradictions to confuse 
the student. This synopsis illustrates again the frequent association of inac- 
curacy with attempted condensation of a major medical science; nevertheless 
Dardson's remains the best of the shorter books on Pharmacology. 

J. .0., Jr. 


The 1943 Year Book of Pediatrics. Edited by Isaac A. Abt., D.Sc., M.D., 
Professor of Pediatrics, Northwestern Univ. Medical School; Attending 
Physician, Passavant Hospital; Consulting Physician, Children’s Memorial 
Hospital and St. Luke’s Hospital, Chicago. With the Collaboration of 
Arthur F. Abt, B.S., M.D., Associate Professor of Pediatrics, Northwestern 
Univ. Medical School; Associate Attending Pediatrician, Michael Reese 
Hospital; Attending Pediatrician, Chicago Maternity Center; Attending 
Physician, Spaulding School for Crippled Children and La Rabida Jackson 
Park Sanatorium, Chicago. Pp. 448; 76 figs. Chicago: Year Book 
Publishers, 1944. Price, 83.00. 

The Year Book of Pediatrics is a collection of half-page or 2-page abstracts 
of the more important yearly contributions to pediatric literature. The 
several hundred articles reviewed have been selected with discrimination, 
and prepared with intelligent care. The abstractors have succeeded in con- 
veying to the reader the meaty chief points of the original authors' presenta- 
tions. Occasional notes inserted by the editor, and a large number of repro- 
duced illustrations, add to the interest and value of the text. For the specialist 
this book is of value as a time-saving survey of annual progress; the general 
practitioner will find in it handy summaries of the latest views on nutrition, 
prophylaxis, diagnosis and treatment. The broad sweep of territory compre- 
hended wuthin the indefinite limits of pediatrics is emphasized by the fact 
that in a compilation such as this, only a small percentage of the articles 
quoted are from the familiar pediatric journals. ' The great majority have had 
to be picked from the great body of medical periodicals, native and foreign, 
which the average doctor never sees unless in the habit of browsing conscien- 
tiously through the reading room of a fine medical library. I. W. 


Intracranial Arterial Aneurysms. By Walter E. Dandy, Adjunct 
Professor of Surgery in The Johns Hopkins Univ. Pp. 147; 55 figs. ; 5 tables. 
Ithaca, N. Y.: Comstock Pub. Co., Cornell Univ., 1944. Price, 82.50. 
Dr. Dandy presents in his latest monograph the results of probably the 
widest experience in the surgical attack of these formidable lesions. The 
general symptomatology, including the occasional occurrence of epilepsy and 
migraine, is discussed in- detail. Consideration of the symptom-complexes 
caused by aneurysms arising from the rwious portions of the internal carotid 
artery and the Circle of Willis fails to establish .clear localizing syndromes. 
Angiography was not generally employed and the, consideration given this 
subject is meager. The potential value of the method is freely admitted, but 
Dr. Dandy has been fearful of the production of cerebral thrombi. It would 
seem that the wide experience of the many who have used thorotrast as the 
contrast media, .ivithout undue complications, would offset this fear. 

A well-presented chapter on the embryology, anatomy and variations of 
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the Circle of WiUis by D. H. Padget is included in this monograph. The rela- 
tionship of the developmental anatomy of the Circle of Willis and the sites of 
the aneurj’^sms found leads the authors to offer the well-conceived hypothesis 
that a congenital aneurysm occurs in connection with the incomplete involu- 
tion of a temporarj’- embryonic branch. 

The surreal principles are clearly presented; the experiences detailed, some 
of them hair-raising, should be of immense help to those who would treat these 
lesions. Unfortunately, some confusion is caused b5’' the failure to identifj’^ 
the cases considered in the text by other than their number in the series. 
This causes much turning back and forth from the unwieldly attached master 
tables in the back of the book for the reader to be fully oriented. 

The illustrations, as is usual in Dr, Dandj^’s monographs, are excellent. 
The above-mentioned master tables, though difficult to handle, are of great 
value for detailed consideration of the case material. This monograph should 
serve well Dr. Dandy’s purpose; that of stimulating the attack against these 
heretofore hopeless situations. H. S. 


Anatomy and Physiology. Laboratory Manual. By Catherine Parker 
Anthony, B.A., R.N., Instructor of Anatomj’^ and Physiology, Lutheran 
Hospital, Cleveland, Ohio; Formerly Instructor of Anatomy and Physiology, 
St. Luke’s Hospital, Cleveland, Ohio, and Assistant Instructor of Anatomy 
and Physiology, Frances Payne Bolton School of Nursing, Western Reserve 
Univ. Pp. 249; many illus. St. Louis: C. V. Mosby, 1944. Price, S2.00. 
This manual offers basic material for a laboratory course in anatomy and 
physiology to preclinical nursing students, as a means of amplifying the textbook 
and lecture material. 

The manual can be used for 30 to 70 laborato^ hours. It follows closely 
the unit plan suggested in the Curriculum Guide for Schools of Nursing. 
Especially useful to instructors are suggestions for teaching hours and a list 
of equipment and material for each laboratory period. 

This book may be used profitably in a school in which mimeographed labora- 
tory sheets are not easily available and in which the laboratory work is not 
based on human or mammalian dissection by students. It may be correlated 
successfully with anj’- standard textbook of anatomj’’ and physiologj'^ for nurses. 

H. F. 


Bacterial Infection with Special Reference to Dental Practice. By J. L. T. 
Appleton, B.S., D.D.S., Sc.D., Professor of Bacteriopathology and Dean, 
The Thomas W. E^'^ans Museum and Dental Institute, School of Dentistiy, 
Univ. of Pennsylvania. Third ed., thoroughly refused. Pp. 498; 86 engrav- 
ings; 5 plates. Philadelphia: Lea & Febiger, 1944. Price, S7.00. 

The author presents a thoroughly revised text on the host-parasite rela- 
tionship with special reference to dental practice. The book was vTitten for 
two purposes: (1) to give a comprehensive concept of infectious disease, and 
(2) to point out wherever a knowledge of infection will help the dentist in 
understanding or in solving his problems. 

To carry out these purposes the book has been di\dded into 3 parts: Part I 
giwng a minimum background on the morphology, physiologj' and ecologj' of 
the bacteria and filterable ^druses; Part II treating the subject of infection in 
general; and Part III discussing the infections associated with the oral ca\'ity 
and stressing the importance of dental health and infection in the general 
health of the patient. 

In this 3rd edition, there has been increased emphasis placed on asepsis and 
surgical antisepsis. Part I has been increased to include material on the 
Pure Culture Study of Bacteria. Chapters have been added on the Ecologj' 
of Microorganisms of the Mouth, Actinom3’cosis and Osteomj'elitis. The 
author stresses the importance of Oral Hj’giene and places it. as the ultimate 
goal of the text. 
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This text should have great value in the teaching of dentistry and in deiital 
practice. First, to give the student the theories and fundamentals^ of infection 
and resistance to infection, and second, to give the practising dentist the prac- 
tical points in understanding and solving his problems of asepsis and antisepsis 
as well as the role of the dental health in the general health of the patient. 

F. E. 


Physical Foundations of Radiology. By Otto Glassee, Ph.D., Professor 
of Biophysics and Head of Department of Biophysics, Cleveland Clinic 
Foundation, Cleveland, Ohio; Edith H. Quimby, Sc.D., Associate Professor 
of Radiology (Physics), College of Physicians and Surgeons, Columbia Univ., 
New York; Lahriston S. Tayloe, Ph.D., Chief of Y-ray Section, National 
Bureau of Standards, Washington, D. C.; and J. L. Weatherwax, M.A., 
Philadelphia General Hospital and Graduate School of Medicine, TJniv. of 
Pennsylvania, Philadelphia. Pp. 426; 95 figs.; 43 tables. New York and 
London: Paul B. Hoeber, 1944. Price, S5.00. 

The editorial team of this book leaves nothing to be desired. The editors 
are four authoritative physicists who have worked in the field of therapeutic 
radiology for many years. They have taught many students and. know the 
weaknesses of physical education that is manifest in young doctors seeking 
training in radiology. In a small monograph of 426 pages, these authors have 
considered in a masterly way the various aspects of the physical problems of 
corpuscular and the electromagnetic wave radiation, the fundaments of elec- 
tricity and magnetism, high voltage generators and Rnentgen ray tubes, radio- 
activity — natural and artificial — the physical principles of Roentgen ray diag- 
nostic features, the measurements of Roentgen ray and radium protection, 
and biologic reactions to radiation. 

This book is prepared in such a way that it is easily understandable to one 
who has had a moderate amount of training in college physics. It supplies a real 
need in therapeutic and diagnostic physics. 

Most of these authors have contributed many articles to the subjects dis- 
cussed in this book, and it is from that background that they have provided 
an excellent small monograph. They have included an adequate number of 
dia^ams and tables to explain most of the simple problems that confront the 
radiologist. 

The publisher has provided good paper and most satisfactory printing. 
The Reviewer regards this book as an essential part of every radiologist’s 
library. E. P. 


Cassarean Section. The History and Development of the Operation From 
Earliest Times. By J. H. Young, M.B., Ch.B., D.T.M. and H. (Edin.). 
Foreword by Miles H. Phillips, M.D. (Hon.), B.S., F.R.C.S., F.K.C.O.G. 
Pp. 254; 22 tables. London: H. K. Lewis, 1944. Price, 16s. 

Any exhaustive contribution to the history of medicine is very welcome, 
and especially one that deals with a procedure employed so universally as the 
delivery of the infant by the abdominal route. Young has made just such a 
contribution in his volume dealing with cresarean (or as we Americans are 
accustomed to spell the word, cesarean) section. This book not only supplies 
a remarkably full history of this classical operation but also stresses the 
development of the various modifications of the operation. . Many interesting 
cases are cited, including mention of the first operation performed in the 
United States (1822). The patient, a 14 year old quadroon, illegitimately 
pregnant with twins, opened her own abdomen with a razor while lying on a 
snowbank. ^ Her first infant was born ■per vias naturales, and its twin through 
the abdominal wall. The patient survived her operation, and was known to 
be living 6 years later. 

• volume is fully docuinented and contains a complete bibliographic 
index. Although the extraperitoneal operation is considered, the omission of 
the Waters technic, developed in this country, no doubt resulted from the 
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fact that it is a very recent development. The Re'sdewer recommends this 
important volume to all obstetricians, and to every one interested' in the history 
of surgerJ^ D. M. 


Hydronephrosis and Pyelitis (Poljmephritis) of Pregnancy. Etiology 
and Pathogenesis. An Historical Review. By H. E. Robertson, M.D. 
Philadelphia; W. B. Saunders, 1944. Price, S4.50. 

Too often the practitioner of medicine is conversant only with the dominant 
contemporary theories of disease, and is wholly ignorant of their origins. 
This scholarly review of the development of our concepts of hydronephrosis 
and pyelitis in pregnancy is proof that American medicine has reached the 
stage where it maj'- pause now and then to evaluate contemporary opinion in 
the light of pre^^ous experience. How thoroughly the author has done this 
for his chosen subject is indicated by the length of the bibliography which 
numbers almost 1000 entries. Unique is a chapter devoted to a ^e^^ew of 
textbooks and their method of dealing with the problem. For the textbook, 
even more than the original article, moulds the pattern of thought in each 
new generation of physicians. It is hoped that this monograph will be onlj-^ 
the first of manj' dealing with the “Entwicklungsmechanik” of modern 
medicine. H. S. 


Autonoiiic Regulations. By Ernst Gellhorn, M.D., Ph.D., Professor 
of Physiologjq College of Medicine, Univ. of Illinois. Pp. 373; 80 illus. 
New York: Interscience Publishers, Inc., 1943. 

This book is a compounding of some 55 original papers published by the 
author during the years 1939-1942, along with a re\dew of the literature. 
Some of the material represents unpublished observations of the author, much 
of it unconfirmed and not infrequently comprising e'vidence apparently ob- 
tained from a single animal exTieriment. The book is highly repetitious, and 
one has the feeling that the subject matter might have been presented better, 
with less confusion, in considerably less space. Nevertheless, it contains 
interesting data which should be unusuall}'- stimulating to investigators. 


Manual of Human Protozoa. By Richard R. Kudo, D.Sc., Associate 
Professor of Zoology, The University of Illinois. Pp. 125; 29 figs. Spring- 
field, lU.: Charles C Thomas, 1944. Price, S2.00. 

This little book contains all the information necessarj’- for efficient examina- 
tion of blood, tissues and excretions to determine whether or not protozoan 
parasites are present. Descriptions are complete, drawings accurate — 
although they do not allow for variations — and directions are clearly worded. 
It will be especially valuable to technicians in clinical laboratories. 

H. R. 


i^lANUAL OF THE DISEASES OF THE Ete. By CiiARLES H. May, M.D,, Con- 
sulting Ophthalmologist to Belle\'ue, Mt. Sinai and French Hospitals, New 
York; Formerly Chief of Clinic and Instructor in Ophthalmologj', Medical 
Department of Columbia Univ.; and Director of the E 3 "e Service at Bellevue 
Hospital, New York. With the assistance of Charles A. Perera, M.D., 
Associate in Ophthahnolog}', College of Phj'sicians and Surgeons, Medical 
Department of Columbia Univ., New York; Assistant Attending Ophtlial- 
mologist, Presbj'terian ‘Hospital, New York. Eighteenth ed. Pp. 520; 
3S7 figs. (32 plates, 93 colored figs.). Baltimore: William Wood., 1943. 
Price, $4.00. 

This new edition retains the excellence of prerious ones as a textbook for 
students and general practitioners. There are manj' minor changes and cor- 
rections. The sections on therap,v of the various ocular infections now include 
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the use of penicillin, as well as the more recent sulfa drugs. The sections on 
compensation for eye injuries and the ocular requirements for admission to the 
various armed services have been brought up to date. F . A. 


Practical Malarial Control: A Handbook for Field Workers. By 
Carl E. M. Gunther, M.D., B.S., D.T.M. (Sidney), Field Medical OfHcer, 
Bulolo Gold Dredging Limited, Territory of New Guinea, at present with 
the Australian Medical Corps. Foreword by Prof. Harvey Sutton, 
O.B.E., M.D., F.R.A.C.P., B.Sc., D.P.H., F.R.San.I. Pp. 91. New York: 
Philosophical Librarj'-, 1944. Price, S2.50. 

This practical handbook is concerned with the problem of control, diagnosis 
and treatment of malaria. The experience of the author is extensive and it 
should prove to be a valuable guide to those combating malaria in the field. 
However, his recommendations on the drug prophylaxis and treatment of 
malaria do not agree vdth the current concepts originating from the Offices of 
the U.S.A. Surgeons-General. The use of thick films in the diagnosis of 
malaria should be more fully dealt with, as it is now a recognized practical 
field method. The discussion of mosquito control methods is excellent and 
would alone be sufficient to recommend the book. R. J; 


NEW BOOKS 

Urological Surgery. By Austin Ingram Dodson, M.D., F.A.C.S., Professor 
of Urology, Medical College of Virginia; Urologist to the Hospital Division, 
Medical College of Virginia; Urologist to Crippled Children’s Hospital; 
Urologist to St. Elizabeth’s Hospital; Urologist to St. Luke’s Hospital and 
McGuire Clinic. With contributions by 7 well-known authorities. Pp. 768 ; 
576 illus. St. Louis, C. V. Mosby, 1944. Price, SIO.OO. 

Fertility in Women. By Samuel L. Siegler, M.D., P.A.C.S., Attending 
Obstetrician and Gynecologist, Brooklyn Women’s Hospital; Attending 
Gynecologist, Unity Hospital; Assistant Obstetrician and Gynecologist, 
Greenpoint Hospital; Attending Sterility Clinic, Greenpoint Hospital; Con- 
sultant in Gynecology, Rockaway Beach Hospital; Diplomate, American 
Board of Obstetrics and Gynecology; Fellow, New York Academy of Medi- 
cine; Member, Society for the Study of Internal Secretions. Foreword by 
Robert Latou Dickinson, M.D. Pp. 450; 194 illus. Philadelphia, J. B. 
Lippincott, 1944. Companion book to Fertility in Men. In slip case, 
88 . 00 . 

Fertility in Men. By Robert Sherman Hotchkiss, B.S., M.D., Lt. Comm. 
(M.C.), U.S.N.R. (on active service). Assistant Professor of Urology, New 
York Univ. Medical College; Instructor in Surgery (Urology), Cornell 
Medical College; Assistant Visiting Attending Physician, Department of 
Urology, Bellevue Hospital; Assistant Visiting Attending Physician in 
Surgery (Urology), New York Hospital; Chief of Urological Clinic, New 
York Univ. Medical College Clinic. Foreword by Nicholson J. Eastman, 
M.D. Pp. 216; 95 iUus. Philadelphia: J. B. Lippincott, 1944. Com- 
panion book to Fertility in Women. In slip case, $8.00. 

Hypertension and Hypertensive Disease. By William Goldring, M.D., and 
Herbert Chasis, M.D. Dedication to Homer W. Smith. Pp. 253; 
53 figs. New York: The Commonwealth Fund, 1944. Price, $3.50. . 

Rebel Without a Cause. The Hypoanalysis of a Criminal Psychopath. By 
Robert M. Lindner, Ph.D., U. S. Public Health Service (R), Psychologist; 
U. S. Penitentiary, Lewisburg, Pa.; Lecturer in Criminology, Bucknell 
Univ. Introduction by Sheldon Glueck, LL.B., Ph.D., and Eleanor T. 
Glueck, Ed.D. Pp. 295. New York: Grune & Stratton, 1944 Price, 

nr\ ^ ’ 
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Technic of Eleclrolherapi/ and Its Physical and Physiological Basis. By Staf- 
ford L. Osborne, M.S., Ph.D., Assistant Professor, Department of Physical 
Therapy, Northwestern Univ. Medical School; and Harold J. Holmquest, 
B.S., B.S.(M.E.), Lecturer in Applied Physics, Dept, of Physical Therapy, 
Northwestern Univ. Medical School. Pp. 780; 240 figs., having 293 illus.; 
72 tables. Springfield, 111.: Charles C Thomas, 1944. Price, §7.50. 

Medical Education in the United States Before the Civil War. By William 
Frederick Norwood, Associate Professor of the History of Medicine and 
Associate Dean in the School of Medicine, College of Evangelists, Los 
Angeles. Foreword by Henry E. Sigerist. Pp. 464. Philadelphia: 
Univ. of Pennsylvania Press, 1944. Price, S6.00. 

Organic Chemistry. By Louis F. Fieser, Sheldon Emer 3 ’- Professor of Organic 
Chemistry, Harvard Univ.; and Mary Fieser, Kesearch Chemist. Pp. 
1112; numerous illustrations. Boston, Mass.: D. C. Heath, 1944. Price, 
Trade Edition, .$8.00; College Edition, .$6.00. 

The Romance of Medicine. The Story of the Evolution of Medicine From 
Occult Practices and Primitive Times. By Benjamin Lee Gordon, M.D., 
Member, American Association of the History of Medicine; Attending 
Ophthalmologist to the Shore Memorial Hospital, Somers Point, N. J., and 
to Atlantic County Hospital for Tuberculosis, Northfield, N. J. Authorized 
Medical Examiner for Civil Aeronautics Administration, Dept, of Com- 
merce, Washington, D. C. Formerlj’^ Associate Ophthalmic Surgeon of 
St. Agnes Hospital, Philadelphia. Pp. 624; 147 illus. Philadelphia: F. A. 
Davis, 1944. Price, $5.00. 


NEW EDITIONS 

The Youngest of the Family. A Manual for the Inexperienced Mother. By 
Joseph Garland, M.D., Phj'sician to Children’s Medical Dept., Massa- 
chusetts General Hospital; Consulting Pediatrician, Massachusetts Eye and 
Ear Infirmary; Instructor in Pediatrics, Harvard Medical School. Revised 
ed. Pp. 182. Cambridge, Mass.: Harvard Univ. Press, 1943. Price, 
S2.00. 

Quick Reference Book for Medicine and Surgery. A Clinical, Diagnostic, and 
Therapeutic Digest of General Medicine, Surgery, and the Specialties. By 
George E. Rehberger, A.B., M.D. Twelfth ed. Pp. 1460. Phila- 
delphia, London, Montreal: J. B. Lippincott, 1944. Price, S15.00. 
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ORIGINAL ARTICLES 

ON THE DIAGNOSIS OF HEMORRHAGE IN MAN 

A Study of Volunteers Bled Large Amounts 

By H. a. SiiENKiN, M.D., R. H. Ciienf.y, M.D., S. R. Govons, M.D., 
J. D. Hardy, M.D., A. G. Fletcuer, Jr., M.D. 

AND 

Isaac Starr, IM.D. 

PHILADELPHIA, PA. 

(From the Reseiirck Dcpaitmoiit of Therapeutics, the Neurosurgical Service and the 
Medical Division of the Hospital of the Vinvovsity of Pctmsylv'aiiia) 

That hemorrhage can be diagnosed by a rapid pulse and a low blood 
pressure is a concept so widely accepted that it seems almost an 
impertinence to question it. We were first led to do so by observations 
made on patients after operation on the neurosurgical service. White's 
observations^® had disclosed that the loss of blood in major neuro- 
surgical operations was much larger than had been suspected, and his 
estimates of the amount lost, from 1 to 2 liters, were confirmed in this 
hospital by Webster.^'* However, after operations in which much blood 
was undoubtedly lost, some patients showed none of the signs ordinarily 
expected after so large a hemorrhage. 

Further reflection on this situation forced us to admit that exact 
knowledge of the symptoms following hemorrhage in man was scanty 
and to wonder hj'^ what means this condition could be diagnosed in 
patients not seen until after hemorrhage had taken place. This matter 
seemed of especial importance in war time; and it was, therefore, 
decided to bleed volunteers and study the manifestations which 
followed in order to improve our ability to detect the abnormalities 
following hemorrhage. Furthermore, such a project would throw 
light on the important question of how much blood donors should be 
asked to give with due regard to their safety. 

"While therapeutic bleeding is no longer comhionplace, the removal 
of 400 to 500 cc. from blood donors lias become so. The effect of 
bleeding in amounts larger than this has been studied in 6 normal 
subjects by Ebert, Stead and Gibson,^ and in 27 convalescents by 
Wallace and Sharpey-SchaferJ® Our results confirm many features 
of these reports. Our studies also included estimations of cardiac 
output from ballistocardiograms and many observations on the effect - 
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of the erect position on the signs and symptoms which followed acute 
hemorrhage. Finally, gaining confidence with experience, certain of 
the authors volunteered to be bled until serious sjunptoms were 
produced, giving us a unique opportunity to study the- situation near 
the breaking-point. 

The inA^estigation here reported Avas initiated by Shenkin, Chenejq 
Govons, and Starr, and a preliminary report of their results lias 
already been published.^ But; as Dr. GoA'ons’ Avork took him to 
another city, the advantage of his collaboration aatts confined to tlie 
first part of the study. SomcAA'liat later, Hardj' and Fletcher, investi- 
gating blood substitutes in the same laboratory and AA'ith the same 
apparatus, tried these agents on volunteers subjected to controlled 
hemorrhage and so obtained data on hemorrhage as a by-product of 
their greater interest. The detailed report of their experience Avith 
blood substitutes AA'ill be made later, but their obserA'ations on hemor- 
rhage have been included here. 

From the data obtained bj' both these groups, one can draAv a picture 
of the effect of uncomplicated hemorrhage on healthy men. This 
picture proved to be quite different from our expectations and Ave 
hope that our experience may be of use to those charged Avith the care of 
soldiers Avho have bled as a result of Avounds. 

Technique, The A'^olunteer.s were chiefly young adult males Avho believed 
themselves to be in good health. Those bled 500 cc. usually donated their 
blood to the hospital blood bank. When larger amounts Avere AvithdraAvn, 
after the period of observation, blood A'olume Avas restored by using either the 
blood previously AvithdraAvn or a blood substitute. There Avere no untoAvard 
after-effects of anj' kind. 

After reaching the laboratory, the subjects rested on the horizontal ballisto- 
cardiograph for 15 minutes or longer before the first set of observations Avas 
made. They AA^ere then bled from a convenient antecubital A^ein into a bottle 
containing citrate. The bleeding, done under mild suction, required from 4 to 
20 minutes. ObserA’^ations Avere recorded for Awying intervals before restora- 
tion of the blood volume. 

Cardiac output Avas calculated from the ballistocardiograms by the area 
method® and the results haA’^e been reported as percentage deviations from the 
empirical average normal. 

Venous pressure Avas measured through the needle used for the venesection, 
using a manometer overfilled Avith citrate solution, the fluid being allowed to 
run into the vein as far as it would. No reading was accepted unless the top 
of the column fluctuated Avith respiration. The error due to resistance in the 
tubing and needle Avas estimated and a small correction Avas applied to the 
obserA’^ed values. An imaginary line, parallel to the table and halfAvay between 
the anterior chest wall and the table, Avas employed as a base line. 

The hematocrit results Avere measured on citrated blood in Wintrobe tubes 
after haAong been centrifuged § hour at 2500 R.P.M, Blood proteins Avere 
estimated by a Kjeldahl^semi-micro technique. Both these estimations Avere 
performed under the direction of Dr. C. Riegel in the Harrison Laboratory 
for Surgical Research. 

The methods of Fisher- Avere employed in the statistical analysis of certain 
results. In this paper, the Avord "significant" is abvays used in the statistical 
sense; that is, to indicate that the probability is less than 5 in 100 that the 
result obtained was due to chance. 

The 2.3 cases studied by Shenkin, Cheney, GoA^ons, and Starr were examined 
supine and erect, both before and after the hemorrhage. Ballistocardiograms 
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in the upright position were taken routinely at the beginning of the investi- 
gation hut, after hemorrhage, most were so distorted hy the subject s inability 
to stand still that cardiac output could not be estimated. We wore usually 
forced, therefore, to be content with estimations of blood pressure and pulse 
rate when the subjects stood. Hardy and Fletcher’s first 9_ subjects were 
studied onlj^ when supine; the last 2 were studied in both positions. 
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Fig. 1. — Average values found in 18 subjects bled 500 co. (f. c., from 2.5 to 3.8 cc. 

per pound body weight) . 


Results. OnsERV.\TioNs on Subjects Bded Approxim.\tedy 500 cc. 
There wmre IS subjects in this group and the amount bled ranged from 
2.5 to 3.8 cc. per pound of body weight, or roughly 10% of the circulat- 
ing blood volume. The average values of all observations are given in 
Figure 1. In interpreting these results, it must be recalled that any- 
one about to be subjected to a hemorrhage or other unaccustomed 
procedure is under psychologic tension which passes off as the event 
proceeds. The senior author’s large experience with medical students 
given drugs, especially with those given inert solutions when they 
expected drugs, demonstrates this clearljG The slow downward trend 
of the average values shown in Figure 1 needs no other interpretation 
than this. 



irvrv. 


424 SHENKm, CUENEY, GOA'ONS, HAllDY, FLETCHER, STARR: 

The .systolic blood pressure, measured with the jjatient supine, fell 
on the average 13 nun. after the hemorrhage, and this is highly sig- 
nificant. But this value was greatly influenced by the results obtained 
in 2 subjects in Avhom it fell 48 and 30 mm. and then quickly recovered. 
There was also 1 subject, evidently much excited, whose systolic 
pressure, 150 mm. Hg before hemorrhage, fell to normal and remained 
there after the strain was over. If these 3 cases are omitted, the 
average diminution was only 9 mm. Hg immediately after the hemor- 
rhage, but this is still significant. There was a slight downward trend 
for the remaining period of observation. 

The average systolic pressure when the subjects stood, differed 
very little from that found when they were recumbent. The average 
standing value diminished 14 mm. Hg after the hemorrhage, and this 
is significant. 

In supine subjects the average diastolic blood pressure did not change 
significantly after the hemorrhage; but when the subjects stood, this 
pressure averaged 7 mm. less after the hemorrhage, and this difference 
is significant. The average pulse pressure was not changed materially 
by the hemorrhage. 

When the subjects were supine, the average pulse rate did not change 
significantly after hemorrhage of 500 cc.; but when erect, the average 
increase after hemorrhage was conspicuous and highly significant. 
This increase was maintained during the period of observation. Before 
hemorrhage, the average pulse rate increased 15% on arising, a change 
within the normal range; but immediately after hemorrhage it in- 
creased 36%, and 1 hour later 40%, both these values being ab- 
normal.®-“ Despite the increase found in the great majority, on 4 
occasions the pulse rate in the erect position markedly diminished 
after the bleeding and all these patients collapsed soon afterwards. 
The significance of this finding will be discussed later. 

The average cardiac output and strohe volume changed very little 
after the 500 cc. hemorrhages. These measurements were made only 
in the supine position, since, when the subjects stood erect after the 
hemorrhage, there was usually sufficient tremor to ruin the record 
of the cardiac impacts. 

Observations on Subjects Bled Approximately 1 Liter. After 
hemorrhages of this magnitude, 11 subjects were observed for about 
5 hour or under; 5 for 3 hours; and 1 for 24 hours before restoration 
of blood volume. Records of 2 typical cases are given in Figures 2 and 3, 
and the data are to be found in Tables 1, 2 and 3. 

Ilemodilution was followed bj’ means of the hematocrits. In 11 
cases (Table 1), samples were taken, before and within 25 minutes of 
the cessation of bleeding; in these the reduction of corpuscle volume 
averaged 2%. In 3 cases, the samples were taken at hourly intervals 
after the hemorrhage was over; the reduction at the 1st hour averaged 
3.7%, at both the 2nd and 3rd hours, 3.3%. The results obtained on 
J. D. H., studied for 20 hours, are recorded in Table 2. As expected, 
a slowly increasing dilution of blood took place after hemorrhage, but 
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it was far from sufRcient to restore blood volume iu anj- of our cases 
during the period of observation. 

Observations Made While the Stihjects Were Rccnvthcnt. In the great 
majority the blood 'pressJire diminished after the hemorrliage, but in 



Fig. 2. — Ballistocardiograms on T, D., ago 37, ht. 5' 9^', weight 182 lbs. 

The reproduction is f actual size. 

Top record obtained before bleeding at 2 p.m. Pulse rate 75 per min., blood pressure 
124/86 mm. Hg. Cardiac output per minute deviates from expected average normal 
by +13% (normal limits ±22%). Second record at 3:12 p.m. Pulse 82. B. P. 124/92. 
Cardiac output -30%. T/ifrd record at 4:45. Pulse 87. B. P. 120/98. Cardiac output 
— 24%. Between 5:02 and 5:47, 970 cc. of blood was replaced. Last record at 6:07. 
Pulse 82. B. P. 124/90. Cardiac output —9%. 

2 subjects it remained essentially unchanged; in 1 it increased some- 
what,^ perhaps due to the involuntary muscular movements occurring 
at this time. In most cases the minimum was reached just after 
bleeding had ceased; but in some, it occurred from | to 1 hour later. 
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After the minimmn had passed, the blood pressure increased sIo-\vIj\ 
If first seen 2 hours after the event, the hemorrhage Avould never have 
been suspected from the blood pressure readings taken "while the sub- 
jects lay at rest. 



Fig. 3. — Ballistocardiograms on J. J., ago 24, lit. 5' 7", weight 137 lbs. The repro- 
duction is 5 actual size. 

First record obtained before bleeding at 6:48 p.m. Pulse rate 70, blood pressure 110/68. 
Cardiac output -t-4%. Between 6:52 and 7:03, 1090 cc. of blood were withdrawn. 
Second record started at 7:06. While the record was running, the jiulse rate diminished 
from 60 to 46, the cardiac output from —9% to —26%. The blood pressure taken at 
the end was 92/54. Symptoms of nausea and vomiting, pallor and sweating appeared. 
Third record at 7:10. By this time the symptoms had largely passed off. Pulse rate 
was .70, B. P. 120/70. Cardiac output —9%. Fourth record at 9:30. Pulse SO, B. P. 
110/64, Cardiac output did not deviate from the expected normal. Between 9:37 and 
10:00, the blood withdrawn was replaced. Fifth record at 10:00. Pulse 78, B. P. 124/78. 
Cardiac output -1-9%. Swih record at 11:00. Pulse 72, B. P. 120/08. Cardiac output 
+ 13%. 
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The pulse rate, after these large hemorrhages, exceeded 100 in no 
case save the subject who had had a corresponding tachycardia before 
tlic event. The rate increased inaterialiy in only o subjects, and in 
2 of these the increase Avas temporary. In contrast to this, the rate 
sloAved materially in 9 subjects and this Avas accompanied by sj^ptoms 
to be described. That sloAAung of the pulse AA^as more common than 
acceleration greatly surprised us. In subjects first seen after the event, 
the hemorrhage could never have been diagnosed from the pulse rate. 


Table 1. — The Circulation Before and Just After Bleeding Large Amounts; 
Data Obtained AA'hile the Subjects AVebe Recumbent 


Name 

Height, 


Blood 

pressure. 

Venous 

pressure. 

Heart 

rate. 

Cardiac 

output, 

deviation 

from 


and age 

weight (lbs.) 

Amount 

mm. Hg. 

cm. H?0 

per min. 

av. norm. 

Bemarks 

T. K. 

5' 9" 

Before 

90/70 

11 

74 

- 4% 


49 

185 

After bleeding 1200 cc, 
in 15 min. 

84/64 

12 

92 

- 0% 


J. A. R. 

G'l" 

Before 

128/08 

15 

00 

+13% 


22 

180 

After bleeding 1065 cc. 
in 18 min. 

130/70 

15 

60 

- 4% 


C.T.M. 

5' 7" 

Before 

120/78 

16 

70 

+ 4% 


18 

135 

After bleeding 000 cc. 
in 10 min. 

58/40 

12 

53 

-13 

Sweating, faint 

B.B. 

5' 8" 

Before 

114/00 

14 

77 

+01 


.38 

150 

After bleeding 1020 cc. 
in 8 min. 

100/00 


77 

+30 

■ - 

E.y. 

5' 7" 

Before 

130/80 

13 

89 

+22 


38 

105 

After bleeding 1050 cc. 
in 8 min. 



45 

-39 

Fainted (see text) 

H.G. 

r,' 8" 

Before 

118/70 

14 

71 

+17 


3(i 

151 

After bleeding IflflO cc. 
in 20 min. 

08/34 

9 

58 

0 

Slight nausea 

R.W. C. 

5' 8" 

Before 

120/00 

14 

07 

-17 


25 

190 

After bleeding 1020 cc. 
in 15 min. 

120/80 

12 

71 

-13 


L. J. 

5' 11" 

Before 

150, '80 

17 

112 

+48 


27 

100 

After bleeding 1090 cc. 
in 14 min. 

130/80 

15 

111 

+48 


AV. A. C. 

5' 10" 

Before 

130/80 


74 

+17 


25 

107 

After bleeding 920 cc. 
in 15 min. 

.70/40 

" 

47 

-17 

Weak, nausea 

A.G.F. 

0'2" 

Before 

115/70 


70 

+11 


26 

170 

After bleeding 1050 cc. 
in 17 min- 

90/50 


52 

-23 

Ssveating, pallor, slight 
nausea 

T. N. 

5' 11" 

Before 

112/00 

10 

70 

-4 


25 

152 

After bleeding 1000 cc. 
in 15 min. 

124/76 

70/40 

10 

60 

GO 

-15 

-18 

Unconscious, extremi- 
ties twitching and 
moving. Atropine 
0.7 mg. I. V., re- 
vived rapidly 

5 min. later, quiet and 
conscious 

10 min. later 


Venous pressure Avas estimated in only 7 subjects. There Avas either 
a small diminution or no change after the hemorrhage. These data 
are recorded in Table 1. 
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'i’ABi.n 2. GiisF.itVATioNs Mauk ON .1. D. II. (AliU 25; 11t. 5'U"; KiO Liis.); Rkkoui; 
AND .‘Vftek Bleeding 1115 cc. or 15 cc. peii Kilo. The Obseuvations Hebe 
Recorded Were All Made While the Subject Was Recumbent and at Rest 

PuFe Blood Cardiac Blasma 

rail' pressure output do- Hcmlaocrtis protoin 

Time (per min.) (mm.Hg) viation(%) (% RBC) (gm./lOOeo.) HomarKs 


1 ..13 r.M. 

70 

1 14/74 

+ 13 

40.5, 41 

0,93 

After i hr. rest 

1 .4.5 

84 

lid/80 




Bleeding begins 

1 . r,.-> 


• .... 


500 cc. out 

2.04 

45 





Bieeding over, 1045 cc. out 

2.05 

do/GO 

-39 



Nausea, sweating, weak, 
pale and faint 

2.10 

00 

70/40 


40.5, .39 

0.70 

Symptoms continue 

2.12 

70 

84/02 




Better 

2.17 

72 

98/04 

- '9 



Dry mouth, miid headache 

2.34 

73 

100/08 

- 4 

.39.' 39 

o'.di 

Drank 200 cc. water 

3.34 

70 

104/08 

- 9 

37.37 

0.30 

Feeling well while recum- 
bent 

5.34 

82 

108/70 

0 

38, 40 

0.38 

Drank 200 cc. water 

6.25 

si 





After supper, 500 cc. fluid 

10.00 

li2/78 

+ i.3 

30,' 30 

0.26 

11.00 






After sandwich, colTce and 
water; 400 cc. fluid 

1.20 A.M. 

72 

110/70 

+ -1 

30 

o.ns 

1.30 





'I'o bed; wakeful, took 180 
mg. No arnyUal 

9.17 

80 

102/00 


.30.5, 30 

0.70 

12.00 

2.13 P.M. 

78 

lio/s'o 

+ 17 



Light lunch 

2.30 





Up and about 

3.:io 






Replacement of blood 
started 

5.15 

5.20 

08 

100/78 

+ 17 



1035 cc. blood in and about 
100 cc. saline 


Table .3. — Effect of Arising on Subject J. D. H. (Age 25; Ht. 5'11", ICO Lbs.); 


After Losing 1115 cc. Blood and After Its Replacement 

Car<Iiac output 

Buise rate Blood pressure deviation from • 

1 imc 

(per nun.) 

(mm. Hg) 

HV. normal 

Remarks 

2.04 p.M, 




Bleeding over 1045 cc. out 

3.51 

80 

1 10/72 


I'cels well wlicn recumbent 

3.. 53 

98 

100/74 


Sitting on edge of bod 

3.54 

70 


l^weating, nausea, famtness forced 
recumbency 

5.45 

78 

108/70 


Lying comfortably at rest 

5.40 



Sat up at edge of bed 

5.47 

88 

90/70 


Dizzy 

5.48 

88 

70/50 


Nausea and faintness forced recum- 
bency 

1.30 A.M. 

72 

110/70 


Lying at rest 

1.31 

1.32 

90 

98/74 


Sitting up 

1 .38 

88 

94/70 


No unusual sensations 

1.40 

88 

88/04 


Stood up .. , 

1.41 


70/50 


Dizzy and faint, forced to be uuwn 

9.17 A.M. 

SO 

102/00 


Lying at rest 

9.18 

104 

80/70 


Sat up, no symptoms 

Still sitting, no symptoms 

9.24 

90 

90/00 


9.25 

120 

90/74 


Standing 

9.29 

108 

80/04 


Still standing, no symptoms 

2.13 p.M. 

78 

110/04 

+ 18% 

Lying comfortaldy ,, 

2.16 

102 

100/80 

+20% 

Standing 2 min., no diliiculty 

5.10 




Blood replaced 

5.15 

G5 

100/70 

+ 18% 

Lying at rest 

5.20 

72 

100/70 

-17% 

Standing 2 min. 


The deviation of serial estimations of cardiac outind, calculated from 
ballistocardiograms, has been carefully studied by Tanner;'- the 
standard error of the second estimation being 4.8%. For this reason, 
if an estimation differs from its predecessor by more than 9.6%, the 
difference is significant. Therefore, the cardiac output diminished 
significantly, after hemorrhage in almost all our subjects. HoAvcver, 
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in only 5 was the cardiac output ever found below the empirical lower 
normal limit, 22% from average normal, and all these cases suffered 
from acute symptoms at this time. In the absence of such acute 
attacks, the estimations of cardiac outpiit would have provided no 
clear evidence of the preceding blood loss in the great majority of 
instances. 



Fig. 4. — Pulse rates taken while the subjects were recumbent and at rest in 5 normal 
persons, before and after bleeding of approximately 1000 cc., and after replacement of 
the blood. The heavy line connecting the symbols indfcates the period during which 
the blood was being replaced. The arrows indicate points where the subjects suffered 
from acute symptoms as described in the text. 


Abnormalities Found When, After a Large Hemorrhage, the Subject 
Arose. In the 6 subjects (see Figures 4, 5, and 6, and Table 3), observa- 
tions were attempted when they stood erect, as well as when they were 
recumbent. But the 4 subjects, bled the largest amounts, 5.7, 6.3,- 
7.0, and 7.9 cc. per pound of body weight, could not tolerate the erect' 
position because of faintness and dizziness, soon followed by collapse, 
if they were not immediately laid flat. The other 2 subjects, bled 
smaller amounts in proportion to their weight, 5.3 and 5.4 cc. per 
pound, were able to stand without collapse, but the abnormal increase 
in their piihe rates on arising indicated the strain to which the circu- 
lation was subjected. Thus in 1 of these cases, the pulse rate before 
the hemorrhage was 82 recumbent and 93 after arising; the corre- 
sponding figures immediately after, and at | hour intervals after the 
hemorrhage, were 84 and 124, 78 and 124, 88 and 112, 90 and 120. 
In the other case, the pulse rate was 75 recumbent and 86 after arising 
before the hemorrhage. Immediately after it, these rates were 84 and 
96; at | hour intervals thereafter, they were 84 and 156, 82 and 156, 
87 and 148. After the return of the blood, the pulse rates in the 2’ 
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positions closely approximated those recorded before the hemorrhage 
in both these cases. 



Fig. 5. — Systolic blood pressure of 5 subjects bled approximately 1000 co. 
Other symbols as in Figure 4. 



In the 4 who became faint, a sharp acceleration of the pulse was 
noted immediately after arising but, almost before a count could be 
made, the. pulse slowed markedly and values below 50 were regularly 
obtained as the symptoms of collapse manifested themselves. 
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In 2 who did not faint on arising, the systolic blood pressure, which 
before the hemorrhage changed less than 5 mm. when they arose, 
after the hemorrhage fell, from 10 to 30 mm. Hg in every estimation 
save 1, when an increase of 6 mm. was recorded. Diastolic pressure in 
either position was not greatly affected by the hemorrhage in these 
subjects. 

In the 4 who became faint, the blood pressure tended to collapse 
as the symptoms appeared, but the exigencies of the moment per- 
mitted few estimations. The amte symptoms which so many subjects 
experienced when they stood upright, and a few when they lay re- 
cumbent, differed only in their severity. The picture will be described 
in detail under later headings. 

Observations on Subject J. D. H., Bled Over 1 Liter and Observed for 
2Ij. Hours. After the rest of the studies had been completed, 1 of the 
authors volunteered for a more exacting experiment. It was planned 
to bleed him until the production of severe symptoms and then follow 
the progress of spontaneous recovery for 24 hours. The objective 
results of this experience are recorded in Tables 2 and 3. These and the 
subjective sensations which accompanied them deserve detailed 
description, as the subject was a trained observer. 

After control observations, bleeding progressed uneventfully until 
about 750 cc. had been withdrawn. Then the subject noted waves of 
tingling going lengthwise over his body and these were soon followed 
by generalized tingling. Nothing further was noted until after 1 035 cc. 
had been withdrawn. Promptly thereafter, nausea and faintness were 
noted while vision became dim. The observers now noted pallor, 
coldness of hands, hyperventilation, restlessness, generalized sweating, 
bradycardia, and diminished blood pressure. From the record now 
taken, cardiac output was calculated to .be about | that found before 
the hemorrhage. During this period of severe symptoms, the subject 
noted that his respiratory efforts markedly affected his sensations; 
hyperventilation improved the symptoms, and as soon as he stopped 
exerting himself, faintness overwhelmed him. Also he felt forced to 
keep moving and so flexed his legs and moved them from side to side, 
because he did not dare to lie still. Finally his hands went into carpal 
spasm, and the observers demonstrated Chvostek’s sign. 

After about 5 minutes, the symptoms began to improve spontane- 
ously, the carpal spasm and positive Chvostek’s sign persisting longer 
than the other manifestations. Blood pressure and cardiac output 
increased with improvement in the symptoms. Finally the subject 
noted only a dry mouth, thirst, and a mild headache, which gradually 
passed off. He was then comfortable as long as he lay at rest. During 
this period, both cardiac output and blood pressure, while lower than 
before the hemorrhage, were not outside empirical normal limits. 

However, when he attempted to sit on the side of the table, the 
pulse rate first accelerated and then slowed markedly. The blood 
pressure diminished until it could not be obtained. These objective 
phenomena were accompanied by SAveating and sensations of nausea 
and faintness Avhich forced him to lie doAvn Avithin a feAV moments. 
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The condition of comfort when at rest and horizontal, but inability 
to sit or stand upright, persisted for about 12 hours, during which he 
drank 1300 cc. of fluid. Twelve hours after the hemorrhage, he could 
sit upright without sjonptoms, but he was still unable to stand. 

Eighteen hours after the hemorrhage, the subject could both sit 
and stand without sjrmptoms and considered himself well enough to 
be up and about. He was, however, weak and suffered from marked 
dyspnea on exertion. To the observers, he looked and acted like a sick 
man. He was able to stand without sjunptoms; but it is to bte noted 
that the pulse rate increased to over 100 whenever he arose, and that 
the cardiac output, when he stood, was calculated to exceed the resting 
value. This condition lasted about 8 hours, or until the blood was 
replaced. The total amount of blood removed, including the samples 
taken for analysis as well as the initial bleeding, was 1115 cc. 

After replacement of a liter of blood, the subject felt restored to 
normal. On arising now, the pulse rate was only 72 and he was able 
to stand without sjTnptoms, although the cardiac output diminished. 

Discussion. Our results permit us to describe the signs and symp- 
toms of uncomplicated hemorrhage occurring in healthy men. 

After a small hemorrhage, the abnormalities encountered may be 
described as the 1st stage. In this, the subject has no symptoms when 
he is recumbent or standing at rest. However, as soon as he arises, an 
abnormal increment of pulse rate takes place and blood pressure may 
diminish abnormally. Such subjects are able to go about their business, 
but they feel weak and notice dyspnea on exertion. 

If the hemorrhage be larger, the condition resulting may be de- 
scribed as the 2nd stage. In this, the subject still has no symptoms and 
exhibits no abnormality of the circulation as long as he is recumbent 
and at rest. But as soon as he sits or stands upright, he is seized by a 
group of acute sjonptoms characterized by faintness and syncope and 
accompanied by bradycardia, the group described in detail below. 

If the hemorrhage be larger still, the subject, with very little warn- 
ing, enters the 3rd stage, and suffers from acute sjonptoms while he is 
recumbent. The observers And diminished blood pressure, marked 
bradycardia, pallor, sweating, hyperpnea, and restlessness. 2 he 
subject experiences coldness of the extremities, nausea, dizziness, 
faintness, and he may lose consciousness. . 

If bleeding be arrested and spontaneous recovery observed, tlie 
subjects pass through the 3 stages in the reverse order. 

The clinical picture found in our subjects after hemorrhages of 
known amount resembles closely that described by Wallace and 
Sharpey-Schafer,!^ who studied convalescents bled amounts similar to 
those we employed. It also resembles in most respects the picture 
seen by MclMichaeB in certain air-raid victims, and in one case of 
experimental hemorrhage that he reported. Syncopal attacks, such 
as those we observed, were also reported by Ebert, Stead, and Gibson^ 
in a study in which the primary interest was in estimations of blood 
volume after hemorrhage. The data of the authors who have seen 


433 


DIAGNOSIS ON HEMORRHAGE IN MAN 

patients after large hemorrhages of known amount seem to be entirely 
consistent. 

But in contradistinction to these results is the widespread belief that 
hemorrhage is easily diagnosed by a rapid pulse and a low blood 
pressure. It is true that the authors recall cases of uncomplicated 
hemorrhage seen in the clinic who showed marked tachycardia. We 
are not certain of the eause of the difference between these obser- 
vations and our results, but we have the impression that these patients 
had very low hemoglobin concentration. So they were probably 
seen after dilution of the blood had taken place. Perhaps the tachy- 
cardia may have been analogous to that so often seen in cases of 
severe anemia of any kind. It is to be noted that in none of our 
volunteers had dilution come near to restoring blood volume. 

Be that as it maj^, our results have clearlj’’ demonstrated that large 
hemorrhages can occur without conspicuous effect on pulse rate or 
blood pressure; and so, as diagnostic criteria, these signs may be both 
inadequate and misleading. Three things have probably contributed 
to the traditional vievqioint. First, a rapid pulse and low blood 
pressure are characteristic of rapid hemorrhage in anesthetized animals, 
and this has been demonstrated to generations of medical students. 
The fact that the unanesthetized animal can stand a much larger 
loss of blood without undue acceleration of the pulse and diminution 
of blood pressure** is not so widely known to clinicians. Second, few 
clinicians have ever seen a hemorrhage in which they had any exact 
idea of the amount of blood lost, and so they were not in a position to 
criticize the common view. Third, many hospital cases, hemorrhage 
is associated with trauma; and that rapid pulse rate and low blood 
pressure may be associated with shock is beyond dispute. 

The mechanism of these parasympathetic-like or vaso-vagal attacks 
is not entirely clear to us. Syncope is common among blood donors 
and the fact that it may occur on venepuncture before blood is drawn, 
or in persons watching blood drawn from others, demonstrates clearly 
that such attacks may be of emotional origin. Nevertheless, there 
Avas absolutely nothing in the demeanor of our subjects to suggest 
undue emotion. Also there is a direct relationship between the inci- 
dence of fainting and the amount of blood draivn. Five of IS subjects 
fainted on standing in the group bled 500 cc., while in the group bled 
1 liter, 5 of the 7 allowed to stand became so faint that they had to 
be immediately laid flat. This indicates a mechanism at play in our 
cases which is not of psychogenic origin. Wallace and Sharpej^- 
Schafer*® came to the same conclusion; and the results of Poles and 
Boycott® also support this view, for in their studies the incidence of 
syncope in donors bled 540 cc. was double that in donors bled 440 cc. 

Evidence from animal experiments suggests that this mechanism 
is not to be attributed to stimulation of the carotid sinus, but it might 
be thought of as induced by anemia of the brain; for profound slowing 
of the heart rate sometimes follows the experimental production of 
cerebral anemia in certain animal experiments.*® The cardiac output of 
our subjects Was markedly depressed during these attacks, and it 
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improved passu with the symptoms; the cireulation through the 
brain may well have behaved similarly. But whether the bradycardia 
is cause or effect of the cerebral anemia, our data Avill not permit 
us to decide. Starr and Collins*® observed that signs and symptoms 
preceded bradycardia in persons about to faint. These observations 
and the experiments of Weiss et who found that persons given 
atropine still suffered from s\'ncope due to nitrites although brady- 
cardia was prevented, suggest that cerebral anemia is primary. To 
one of our subjects, who had lost consciousness when bled, 0.6 mg. 
atropine sulfate was given intravenously. He recovered rapidly; 
but recovery has been rapid in other subjects not so treated and we 
feel that no conclusions can be drawn. 

It is interesting to recall an old study of the effects of large hemor- 
rhages in man. Our predecessor on the Faculty of this school. Dr. 
Benjamin Rush, relating his experiences concerning the Yellow Fever 
Epidemic of 1793, wrote:® “I bled many patients twice, and a few 
3 times a day. I preferred frequent and small, to large bleedings in the 
beginning of September; but towards the height and close of the 
epidemic, I saw no inconvenience from the loss of a pint, and even 
20 ounces of blood at a time. I drew from many persons 70 and 80 
ounces in 5 days ; and from a few, a much larger quantity. Mr. Gribble, 
cedar-copper, in Front Street, lost by 10 bleedings a 100 ounces of 
blood; Mr. George, a carter in Ninth Street, lost about the same 
quantity by 5 bleedings; and Mr. Peter Mierken, 100 and 14 ounces in 
5 days. In the last of the above .persons the quantity taken was 
determined by weight. Mr. Toy, blacksmith near Dock Street, was 
S times bled in the course of 7 days.. The quantity taken from him 
was about 100 ounces.” 

With regard to the effect of such blood letting. Rush says: “1. It 
raised the pulse when depressed and quickened when it was pre- 
ternaturally slow or subject to intermissions. 2. It reduced its force 
and frequency.” These 2 statements are not consistent and CA'idently 
the effect varied in different patients, as in our results. 

One wonders whether, if our hemorrhages had been larger still, a 
point would have been reached where the expected signs of rapid 
pulse and low blood pressure would have appeared while the subject 
was supine. Our data do not give a positive answer to this question 
but they demonstrate clearly that a hemorrhage carried to the point 
of collapse may not be accompanied by any acceleration of the pulse. 
In 1 subject (E. T., in Table 1), the early stages of the bleeding were 
uneventful but after 6.4 cc. per pound had been withdrawn, although 
lying supine, he suddenly lost consciousness and blood pressure could 
not be obtained. The pulse rate before this emergency had never been 
recorded as abnormally rapid, and during it the rate obtained from the 
ballistocardiogram was very slow. Although intravenous medication 
promptly restored the situation in this case, it is evident tliat subjects 
cannot be bled larger amounts with safety, and that hemorrhage can 
jiroduce an alarming condition without tachj^cardia either before or 
during the event. 
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Obviously, therefore, we have been forced to revise our concept of 
the clinical picture of acute hemorrhage and of the criteria useful in 
diagnosing such hemorrhage in jiersons first seen after the event. 
But, before continuing this discussion one concept, suggested by pre- 
vious work“ and strongly supported by the results here described, 
must be reviewed. 

The circulation in a standing subject requires an active mechanism 
of adjustment to prevent accumulation of blood in dependent parts, 
and to maintain the supply to the brain. This mechanism is not 
needed when the subject lies horizontal. For this reason drugs or other 
agents which influence the circulation in one position may have quite 
a different effect when the subject is in another. Hemorrhage is but 
another example of a condition which influences the circulation differ- 
ently in the horizontal and vertical positions. 

With this in mind criteria more adequate to diagnose acute hemor- 
rhage in man can be formulated from our experience. If such hemor- 
rhage is suspected and no signs of it are present while the subject is at 
rest, he should be placed in the upright position. Then if noteworthy 
hemorrhage has taken place, an undue acceleration of pulse rate, 
perhaps with a diminution in blood pressure or the production of a 
syncopal attack accompanied by bradycardia, will speedily betray 
the abnormality. 

Conclusions. Eighteen volunteers were bled approximately 500 cc,; 
17 were bled about a liter. Estimation of pulse rate, blood pressure, 
venous pressure, cardiac output (ballistocardiograms), and hematocrit 
were made before and after the hemorrhage, during the process of 
recovery, and often after replacement of the blood. 

Cardiac output diminished very little after the loss of 500 ce. of 
blood; after the loss of a liter, it regularly diminished significantly, 
and during syncopal attacks, it diminished profoundly. After com- 
pletion of the bleeding, the cardiac output sloAvly returned toward 
the value found before the hemorrhage. 

The effects of hemorrhage on healthy men may be divided into 
3 stages of severity. In the 1st stage the subject is symptom-free at 
rest and has a pulse rate and blood pressure within normal limits. 
However, on arising, an undue acceleration of pulse rate and some 
diminution of blood pressure are found. In the 2nd stage there are 
still no noteworthy abnormalities as long as the subject is recumbent 
and at rest. But the upright position cannot be tolerated and syncope 
soon overwhelms the subject if he arises. In the Srd stage syncopal 
attacks accompanied by bradycardia occur even though the subject 
is at rest and recumbent. These attacks seem to be of physiologic 
and not of emotional origin. 

The old concept that acute hemorrhage can be readily diagnosed by 
a rapid pulse and a low blood pressure is erroneous. Recumbent 
subjects may be bled to the point of collapse without exhibiting con- 
spicuous tachycardia, and during the period of severe symptoms 
profound bradycardia is the rule. The blood pressure usually remains 
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within the normal range until the symptoms of collapse begin, when it 
diminishes profoundlJ^ 

Hemorrhages causing no signs or symptoms as long as the subjects 
are recumbent can be detected by having them sit or stand upright. 
Then the symptoms described above will speedily betray the ab- 
normality. 
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Although rest in bed is the most widely used method of treatment 
in patients with acute myocardial disorders, there have b.een practically 
no well-controlled clinical or experimental studies concerning its value 
and its limitations. Present practices in the use of this method of 
treatment are therefore based not on scientific data but on opinions 
which varj' widely as to the length of time during which rest should 
be enforced, and as to the degree to which it should be applied. Thus, 
in Table 1 are summarized the opinions expressed by 10 authors as to 
the duration of rest following myocardial infarction. Some authors 
believe that 2 or 3 weeks is sufficiently long for the average case, 
whereas others think that rest in bed for a number of months is neces- 
sary. There is a similar lack of uniformity concerning the strictness 
of the regime of rest, some authors believing that a patient should not 

* Aided by a grant from the Dazian Foundation for Medical Research. New Aork. 
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be allowed to turn in bed, to feed himself, or even lift his head, whereas 
others hold that even in the acute stage it is permissible for a patient 
to get out of bed for a bowel movement. 

Table 1.— Opinions of Vabious Aethobs Concebning the Optimal Dubation of 
Rest in Bed in Patients With Myocabdial Infabction 

Duration of bed rest 
recommended for 

Author average patient Remarks 


Meakins=“ 

Eggleston’ 

“Many weeks or even 
months” 

“Many weeks” 

Patient should not be allowed to feed 
himself or turn himself 

Clendenning and 
Hashinger® 

Prolonged period 


Lewis” 

At least 8 weeks 

All voluntary movements to be 
avoided 

Beckman* 

8 weeks 

Turning and feeding should be for- 
bidden for 6 weeks 

Smith“ 

0 to 8 weeks 

Often longer 

Harrison’ 

• 

6 to 8 weeks 

Elderly patients should be allowed 
out of bed several hours daily after 
2 weeks 

Christian’ 

6 weeks 


Drossier’ 

0 weeks 

Much longer period when attacks of 
pain persist or blood pressure 
remains low 

Leaman'* 

0 weeks 


Levine” 

4 to 8 weeks 


Pishberg’ 

4 to 8 weeks 

Prolonged rest especially important 
in younger patients 

Dry’ 

4 to G weeks 

Elderly subjects with favorable pro- 
gress allowed up after 2 to 3 weeks 

White” 

4 weeks 

Longer periods of bed rest impair 
morale 

Mallory, White and 
Salcedo-Salgar*’ 

4 weeks 


Reid’* 

Minimum 2 to 3 weeks 

Optimal period of bod rest not yet 
known 

Levy” 

Until infarct has healed 

Sedimentation rate and electrocardi- 
ograms provide guides to healing 

Libman and Sacks** 

Until leukocyte count is 
normal 


Hyman and Parson- 
net*’ 

Until leukocyte count is 
normal 

Patients who become irritable with 
bed rest should be allowed up early 


Experimental attempts at enforcing artificially induced rest on 
animals has not been hitherto attempted, insofar as we are aware. The 
effect of exercise on animals with acute myocardial injury was studied 
by Sutton and Davis,^^ who ligated a coronary artery in 6 dogs and 
observed the effects of exercise carried out on a treadmill. They found 



438 


TiiOiSiiVs, iLvumsoN: 


that in the animals which began severe exercise within 3 days after 
the ligation, the scar which finally developed was thin and tha( 
there was a. tendency toAvard formation of anenrysm of the left ven- 
tricle. On the other hand, in the single dog which did not undertake 
work on the treadmill for 6 days after the production of the cardiac 
infarct, the scar was firm, small, and well contracted witliout any 
thinning of the ventricular wall. 

The observation that severe exercise begun as early as 6 days after 
the injury did not seem to impair the healing process in dogs is at vari- 
ance with the usual practice of having patients witli myocardial infarc- 
tion remain in bed for many weeks. However, there is some evidence 
that the heart of the dog may heal more rapidly than that of man. 
Thus, Karsner and D^vyer'^ observed in dogs that experimental infarcts 
were nearly completely healed by the end of 3 weeks. Mallory, White 
and Salcedo-Salgar^® studied the hearts of 72 patients in whom the date 
of onset of infarction Avas clearly defined from the history. They found 
that the small infarcts in the human hearts were almost completely 
healed at tlie end of 5 weeks; Avhereas the large infarcts did not reach 
a similar degree of healing until about 2 months had passed. They 
believed that the fact tliat nearly tAvice as long Avas required in the 
case of human hearts as in the case of the dog hearts for a similar degree 
of fibrosis and healing to take place could be accounted for by the 
larger size of the human hearts— and hence the larger size of the 
infarcts— and also by the greater abundance of collateral circulation 
in the normal dogs than in the patients AAuth coronary sclerosis. A 
third possibility, namely, that the faster rate of healing in the dog 
Avas related to the greater activity of this animal A\'as not considered. 

The question of hoAV long an indiAudual should be kept at rigid bed 
rest folloAving infarction or other acute injury to the heart is important, 
not only from the standpoint of the heart itself, but from the economic 
aspects, and perhaps especially from tlie AdeA\q)oint of the patient’s 
morale and mental attitude. A final ansAver to this question can only 
be obtained by the controlled study of many hundreds of patients. 
However, something can be learned by the inA’^estigation of problems 
of allied nature in experimental animals, and it is Avith this approach 
to the problem that the present communication is concerned. 

Method of Study. In order that a large enough series of animals might be 
employed so that the results would have statistical significance, rats Avere used 
in preference to larger animals. At first, attempts Avere made to ligate the 
coronarj'^ arteries but these were not successful. Consequently, the folloAAung 
technique AA^as employed. 

Under ether anesthesia the chest Avas opened by an incision through the 
left fourth interspace over the point of cardiac impulse. The ribs Avere quickly 
retracted by means of sutures previously placed around the rib above and 
the- rib below the point of opening. The heart Avas pushed out through the 
incision by pressure on the chest. Three to fiA'e areas on the left A^entricular 
surface near the apex AA'ere burned by the application of the head of a ten-penny 
nail heated almost to redness. The heart was then replaced and_ pressure 
exerted to expel as much air as possible from the chest. The incision Avas 
quickly closed by tying the sutures about the ribs. With practice it became 
possible to carry out the entire procedure from the time the chest was opened 
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until it was closed again within a period of about 30 seconds. The operative 
mortality at first was 60 to 70%, but mth further practice this was reduced to 
10 to 20%. 

The rats survi^^ng the operative procedure were divided into 2 equal groups, 
of which 1 was placed in small wire cages especially constructed so that they 
fitted fairly snugly around the rat. These small “straight-jacket” cages were 
constructed from “hardware cloth.” It was found that for a 200-gm. rat a 
cage having an external diameter of 6x2x2 inches was of approximately 
the correct size, so as not to interfere with the animal’s breathing, but at the 
same time to hamper markedly any movements. In the earliest experiments 
the animals which were to be later placed in these small cages were first trained 
by being put in them for a few hours on several successive days prior to the 
operation. However, later this practice was abandoned when it was found 
that the rats always tended to struggle somewhat for some few minutes when 
first put in the cages and then tended to remain rather quiet. Precautions 
were taken to see that the animals confined in these small cages had access to 
as much food and water as they desired. 

'The control animals were treated similarly except that they were put back 
into large stock rat cages, each of which held several rats. After periods of 
time varying from as short as 2 weeks in one experiment, to as long as 5 to 
7 weeks in most of the experiments, the rats confined to the small cages — 
hereinafter to be called the “restricted rats”— were taken out and put in the 
usual stock cages. Notes were made daily concerning the general demeanor 
of the 2 groups of animals and their apparent clinical condition; autopsies were 
done on the animals that died. 

In order to obtain quantitative data concerning the relative amount of 
activity of the restricted rats as compared to the control, another series of 
experiments was carried out and the activity was recorded by an apparatus 
similar to that devised by Tainter ei al?- A wire cage large enough to hold 
2 rats comfortably was suspended by a spring and 3 Harvard work adders 
were attached so as to record the motion of the cage in 3 different planes. An 
automatic record of the number of revolutions of the work adders was obtained 
by attaching to each one a string which wound around the axle of the recorder 
as it revolved. Thus, it was possible to measure the activity of the 2 animals 
in the suspended cage in terms of revolutions of the 3 work adders. With this 
apparatus the 2 rats could be left free in the suspended large cage or confined 
within the smallp “straight-jacket” cages placed within the larger suspended 
cage. Observations were made on normal rats and also on animals which had 
been subjected to cardiac injury, the latter rats being usually free in the large 
cage for 1 day, confined in the small cages for the 2nd day, and alternated in 
this fashion for a number of days. In this way it was possible to gain an idea 
as to how much confinement in the small cage did in fact restrict the activity 
of the rat. 

In a 3rd series of experiments the rats were not confined but were allowed 
to choose their own activity by the use of the optional treadmill.* This 
apparatus consists of a small cage large enough to allow the rat to move around 
freely, but not large enough to allow space for much exercise. The cage is 
connected to a treadmill by a door which remains open. The number of 
revolutions of the treadmill are recorded on a small Veeder counter. The 
animals in this series of e^eriments were first made accustomed to the appa- 
ratus by being placed in it for a number of days prior to the chest operation. 
Following production of cardiac injury the animal was put Irack into the 
apparatus and the daily number of revolutions of the treadmill was noted. 

In a 4th group of ex-periments the effect of forced exercise was studied. The 
heart was injured by burning in the usual way, and one or more days after this 
procedure one-half of the animals were forced to swim for varying periods of 
time. In order to separate the effects of exercise from those due to the wetting 
and chilling of the skin, the control animals were dipped in the water and 

*. This apparatus was obtained from the Geo. H. Wahmann Mfg. Co., Baltimore, Md. 
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taken out ivithout being allowed to swim. The mortality and the rate of 
healing of the hearts in the control and the swimming animals were then 
compared. 

Results. 1. The Effect of Restriction of Activity on the Mortality 
Svhscqnent to Cardiac Injury. In this series of experiments 142 rats 
were used. Of these, 46 died during or immediately after the operation 

EFFECT or RESTRICTION OF MOVEMENT ON SURVIVAL OF RATS 

following experimental myocardial injury 

•-•-COWtBOLS *— *-eCiI»'CTtO 

POST- posr- 



Fig. 1. — During the 1st month the number of cloaUis in the restricted animals 
(triangles) tended to be considerably greater than in the controls. The apparent 
decrease in mortality in the restricted animals during the 2nd and 3rd months is duo to 
the small number of .survivors in this group. B, C, D. E. These curves all emphasize 
the greater mortality in the restricted group. /<’, Elimination from consideration of the 
deaths oocuriing during the immediate postoperative period indicates that the difference 
in mortality duo to restriction i.s reallv greater (E) than the difference in lolal niorfal- 
ity (D). 

on the heart. The remaining 96 rats consisted of 47 controls and 
49 restricted animals. The data concerning mortality and .survival 
in these 2 groups are shotvn in Figure 1. The mortality in the post- 
operative period, which was arbitrarily taken as the time from the 
end of the operation until 9 o’clock tlie next morning, was the same in 
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the 2 groups, 8 animals dying in each during this period. In all sub- 
sequent periods the mortality Avas greater in the confined group, the 
difference being consistent and of rather striking degree. Thus, at 
the end of 3 months there Avere only 7 survivors out of the original 
49 rats in the restricted group, and of these 7 survivors 5 were animals 
which had been removed from the “straight-jacket” cages 2 Aveeks 
after the operation. On the other hand, 21 of the 47 controls operated 
on surviA'-ed the 3-month period. Similarly, the total number of ani- 
mals dying in 3 months was 42 in the restricted group as compared to 
26 in the controls. If the deaths during the postoperative periods are 
omitted from consideration, which would seem justifiable because such 
deaths were obviously related to the operative procedure rather than 
to the method of treatment, Ave are left AAUth a total of 34 deatlis in 
the restricted animals and 18 deaths in the controls. 

Observations of the appearance of the 2 groups of rats Avere of some 
interest. Most of the animals in the control series avIio survived the 
first 2 days seemed to regain their strength and appetites rapidly, and 
these tended to assume the sleek and alert appearance of a normal rat. 
The restricted animals appeared unhappy, apathetic and asthenic. 
They tended to lose weight slightly, AAdiile the controls gained or 
remained constant. 

The autopsy findings in tliese rats Avill not be discussed in the 
present communication, as these will form the subject of .a separate 
report in which an attempt Avill be made to compare the rate of healing 
of wounds in the rat and in man, as well as the rate of healing of the 
hearts in the different animals Avith Avhich this communication deals. 
Here it only need be stated that most of the deaths in tlie period imme- 
diately after operation Avere the result of hemorrhage from the heart, 
and that later deaths Avere due to infections in the thoracic cavity, 
pneumonia, cardiac rupture and, oftentimes, to unknoAvn causes. 

2. The Total Daily Activity of Restricted and of Control Rats. Obser- 
vation of the rats confined in the small cages showed that from time 
to time they tended to struggle someAA'hat, but that this became less 
after the rats had been in the cages for a fcAV days. The activity, as 
measured by the recorder, showed a very striking difference betAveen 
animals confined in the small cages and those left free to Avander at 
Avill in the larger cages (Fig. 2). The total number of revolutions of 
the work adder was usually 10 times as much in the case of the latter 
group. Thus, it is clear that the somewhat heroic straight- jacket 
method of producing restriction of muscular movement did in fact 
limit the acthfity, and to a very striking degree. 

3. The Rfontaneous Activity of Rats Folloiving B^irning of the Heart. 
In the experiments as previously described the rats have been arti- 
ficially restricted in their movements and the animal had no oppor- 
tunity to make a choice. Hence, it seemed desirable to carry out a 
group of experiments in Avhich the animal would be free to exercise or 
not, as desired, and in which the amount of exercise carried out could 
be compared after the operation Avith that prior to it, in order to defer- 
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mine how long a time elapsed before the rat tended to assume his’pre- 
injury activity level. 

The results of these exj)eriments were rather surprising and are shown 
in Figure 3. Even following rather extensive searing of the ventricular 
surface each rat returned to hjs preoperative level of exercise in 3 to 
7 days, the average being approximately 5 days. One is forced to 

EFFECT OF CONFINEMENT IN SMALL CAGES 
ON 24 HOUR ACTIVITY OF RATS 

ICACH CURVE - total ACTIVITT Of 3 RATS) 




Fig. 2.~Thc re.sults show that whether normal rats (hollow symboLs) or rats witli 
injured liearts (solid symbols) are employed, confinement in the .small caRo.s did result 
in well-marked decrease in the 24-hour activity. Althoufch the method used is not 
entirely adequate for the purpose desired, the difference.s in activity, as measured, arc 
•so Croat as to .seem well beyond any rca.sonablc likelihood of error. 


assume either that (1) the rat deliberately undertakes a level of actitnty 
which is physically harmful; or (2) that such early resumption of nor- 
mal activity is not harmful. In order to attempt to distinguish 
between these 2 alternatives, additional experiments were done. 

4. Effect of Strenuous Exercise on the Mortality Following' Myocardwl 
Injury. (See Table 2.) They would seem to indicate that strenuous 
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exercise is perhaps harmful when begun within the first 48 hours after 
injury to the heart. However, after that period of time there is little 
difference in the mortality in the 2 groups. Some of the early deaths 
were unexplained at autopsy and may have been the result of ventricu- 
lar fibrillation. An analysis of the deaths caused by cardiac rupture 


SPONTANEOUS ACTIVITY OF RATS ON OPTIONAL TREADMILL 



Fig. 3.— No compulsion was employed, the animals being free to follow their own 
desires both in the preoperative and postoperative periods. Two points are of interest: 
(a) No rat chose to avoid exercise entirely, even on the 1st postoperative day. (6) The 
general tendency was toward a marked reduction in exercise during the 1st 48 hours 
after cardiac injury with a return to (or above) the pj eoperative level of activity within 
3 to 7 days. 


is interesting. The period of time from the 5th to the 15th post- 
operative day was found to lie the optimum period of development. 
None of the animals .suffered this accident while in the act of swimming 
or within 6 hours following cessation of the exercise. Rupture occurred 
Inter in the animals forced to e.xercise than in those which were not 
exercised. The importance of factors other than exercise se is 
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emphasized by the study. Further investigation of these problems is 
being carried out. 

Table 2.— The Effect of Swimming on the Mortaliti- of Rats With 
Myocardial Damage 

(Tlio letters indicate a death occurring on that day) 


Postoperative day 




1 

2 

3 

4 

5 

G 

1 

7 

8 

1 ^ 

10 

11 

12 

13 

14 

15 

IG 

Controls 
(1 1 rats) i 

No swimming 

1 


I 







R 







Exercised 

Amount of exercise: 
10 minutes 3 times a 
day 

1 





i 

i 




' { 







Group 1 
(10 rats) 

1 

BeRun 1st postopera- 
tive day and coi\tin- 
ued every day tlierc- 
after 

u! 

I 




I 1 

! 

■ i 

; j 

i 

j i 
1 

1 







Group 2 
(11 rats) i 

j 

Befiun 3rd postopera- 
tive day and contin- 
ued every other daj* 
thereafter 


1 

U 

i 

i 





! 






H 


Group 3 
(10 rats) 

BcKun 5th postopera- 
tive day and contin- 
ued every 3rd dtij' 
thereafter 




I 

i 

1 



K 







H 



Key to letters: 

I indicates death due to infection. 

U indicates that no cause of death \vas found at autopsy. 

II indicates timt death was dtio to cardiac rupture. 

Note: At the end of 45 days of the experiment no more deat!>s luul occurred. 


Discussion. The data which are presented seem to lia\'e established 
the following points; (1) Under the conditions of these experiments, 
immobilization of the animals caused a pronounced increase in the 
mortality following injury to the myocardium. (2) Such immobiliza- 
tion was accompanied by a Avell-marked restriction of activity. (3) 
When the animals were allowed to follow their own desires they 
deliberately chose to resume a normal life— as regards physical exer- 
cise— within less than a week after the cardiac injury. (4) When rats 
had been allowed to rest for as short a time as 3 days following severe 
injury to the heart, the mortality was not significantly increased by 
having them carry out strenuous exercise for 10 minutes 3 times a day. 
In view of these findings it seems justifiable to conclude that— in the 
case of the rat at least— prolonged restriction of activity following 
cardiac injury is not only not beneficial, but actuallj'^ harmful. 

There are a number of reasons why one is not justified in drawing 
any direct conclusions concerning patients from these experiments. 
First of all there is the species difference. In the second place, the 
type of injury induced is artificial and does not bear close resemblance 
to that occurring in disease, even in a condition such as myocardial 
infa,rction which is likewise accompanied by focal injury to the heart. 
Third, the rats were young and in excellent health prior to the cardiac 
injury, a condition which obtains only in a minority of the patients 
with myocardial infarction. Fourth, the rate of the healing process 
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in the heart of the rat is probably much faster than in that of man. 
Finally, the artificial conditions of restricted activity in the animals do 
not bear a close resemblance to rest in bed of patients, but are more 
analogous to the use of a straight-jacket. Granting the validity of 
these points of dissimilarity between the experimental results pre- 
sented in this communication and myocardial infarction in man, the 
data would seem to us at least to justify an attitude of skepticism con- 


Tablb 3. — Theoreticai. Effects of Rest in Bed on Fatal Complications 
OF Myocardial Infarction 


Complication 
Ventricular fibrillation 

Probable effect of prolonged 
bed rest on tlie likelihood 
of its occurrence 

Decrease 

Remarks 

Quinidine perhaps more im- 
portant than absolute rest; 
no evidence concerning op- 
lional position 

Rupture of heart 

Acute circulatory collapse 
Renal insufficiency 

Decrease I 
Decrease i 
Decrease 

' Tlieso complications are very 
t rare after the end of 2nd 

1 week; recumbent posture 

[ tends to prevent 

Systemic embolism 

Decrease 

May occur many montiis 
later 

Ventricular aueurysm 

Decrease 

No evidence concerning op- 
tional position 

Further myocardial iufavctiou 

Increase 

Both spread of original throm- 
bus and formation of new 
ones favored by prolonged 
rest 

Pulmonai-y edema 

Increase 

Sitting position tends to pre- 
vent 

Pulmonary embolism 

Increase 

Failure to move legs favors 
thrombosis in veins 

Pneumonia 

Cerebral thrombosis 

Prostatic obstruction 

Increase 1 

Increase -j 

Increase 1 

[ Elderly subjects confined to 
bed from any cause tend to 
; develop these compliciitions 


Note that those complications which tend to he prevented by absolute vest usually 
occur within the first 2 weeks— while the complications which are favored by bed rest 
tend to occur later. 

Table 4. — Theoretical Effects of Prolonged Rest in Bed on Subsequent 
Morbidity of Patients Surviving Myocardial Infarction 


Probable effect of .prolonged 
bed rest on the likelihood 

Complication of its occurrence Remark.^ 


Angina pectoris 

Uncertain 

Anginal attacks are more fre- 
quent in recuinbent than in 


• 

sitting position 

Congestive failure 

Uncertain 

Recumbency aggravates con- 
gestive failure when present 

Further myocardial infarction 

Increase 

Mild activity increases coro- 
nary flow and probably 
tends to prevent thrombosis 

Cardiac neurosis 

Increase 

The longer the period of abso- 
lute rest the greater the 
psychic trauma 
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cerning the desirability of prolonged and extreme bed rest in patients. 
It therefore seems worth while to consider certain theoretical aspects 
of this question. 

The various complications which are the common causes of deatli 
in patients with myocardial infarction, as well as those which are 
likely to occur subsequently in patients who survive this disorder, are 
summarized in Tables 3 and 4 and the probable effect of prolonged rest 
in bed as the likelihood of their occurrence is indicated. It seems 
probable that ventricular fibrillation, rupture of the heart, acute cir- 
culatory collapse and renal insufficiency due to diminished blood pres- 
sure are less likely to develop if the patient is kept rigidly in bed in 
the recumbent position. However, it should be noted that these 
complications tend to occur in the first 2 weeks and are rare after 
this time. 

It seems probable that prolonged rest would tend to prevent the 
development of ventricular aneurysm. Whether this complication 
would tend to develop more readily in the sitting than in the recumbent 
portion position is uncertain. In most patients the blood pressure is 
somewhat higher sitting, but all who have studied the subject agree 
that the cardiac output is 5 to 20% greater in the recumbent than in 
the sitting position. The work of the heart per minute might there- 
fore be greater in the one position in some patients and in the other 
position in other patients. Since the pulse rate is somewhat faster in 
the sitting position, it is probable that the work per beat, and hence 
the amount of energy developed at each contraction, is greater in the 
recumbent posture. Prom this point of view one might expect that 
the development of ventricular aneurysm would be more likely to 
occur in a recumbent than in a sitting patient, both of whom were 
remaining at rest in bed. 

As regards peripheral embolism resulting from ventricular mural 
thrombosis, the studies of Mallory, White and Salcedo-Salgar*® make 
it seem probable that this complication would be most likely to occur 
in the first 2 weeks. They found that mural thrombosis often begins 
earlj^ and that the thrombus is frequently completely organized by the 
16th day. However, they found in other subjects that thrombosis 
might occur weeks or even months following the infarction. Since it 
seems probable that a patient walking around out of bed would be 
more likely to produce an embolus than a person remaining quietly 
in bed, it would seem that for the purpose of the prevention of this 
complication a period of bed rest lasting several months would be 
indicated. The question arises, however, whether in view of. the 
relative rarity of this complication one would be justified in keeping 
all patients in bed for such a prolonged period in order to prevent 
embolism in an occasional patient. Since, as will be pointed out m 
succeeding paragraphs, prolonged rest in bed has a number of impor- 
tant disadvantages, it would not seem, on tlie basis of theoretical 
considerations, that such a plan of treatment is desirable. In some 
patients, and perhaps in the majority, the development of mural 
thrombosis leads to certain manifestations, including slight fever, a 
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persistent leukocytosis and sustained increase in the sedimentation 
rate. One might therefore take the position that in eases who still 
display these abnormalities at the end of a 2- to 3-week period a 
longer period of rest in bed is indicated than in the usual instance. 

There is a series of important complications of myocardial infarction 
which are likely to develop late, that is, after the first 2 or 3 iveeks. 
These include additional infarction as the result either of formation 
of new clots in a different vessel, or the spread of the original clot, 
acute pulmonary edema, pulmonary embolism from silent thrombi in 
the vessels of the legs, bronchopneumonia, cerebral thrombosis and 
difficulty in urination which may at times progress to anuria. On 
theoretical grounds one would expect these eomplications to develop 
more readily in persons remaining reeumbent in bed than in individuals 
who are either allowed to sit up in bed, or perliaps, better, allowed 
to sit in a chair and walk around a slight amount each day. Without 
having statistics to strengthen the opinion, I have the impression that 
this second group of complications causes more deaths in patients 
with coronary thrombosis tlia'n does the first group of conditions, which 
usually occur early and which probably are less apt to occur in patients 
kept in bed in the recumbent posture. On theoretical grounds, then, 
one can logically take the position tliat, generally speaking, a patient 
with myocardial infarctions should be kept in bed for a period of 2 
to 3 weeks, being allowed to sit up in bed the 3rd week, and after that 
being allowed out of bed for very slowly increasing periods of time. 
The desirability of such a plan of management is far from established 
on the basis of available evidence. However, it seems reasonable, in 
the light of the considerations which have been mentioned. 

When we turn from those conditions which tend to cause death 
during the initial illness to the conditions which are apt to occur as late 
complications in individuals who have recovered from the acute 
myocardial infarction, we likewise encounter further uncertainty con- 
cerning the desirability of prolonged rest in bed. Whether a patient 
who is kept strictly in bed for only 2 weeks following myocardial 
infarction is more apt or less apt to have angina pectoris in the future 
than a similar patient who has been in bed for 3 months is uncertain. 
In favor of prolonged bed rest is the fact that it should theoretically 
allow more time for the uninjured muscle to take on an additional load. 
Even a slight increase in the oxygen requirement of the heart might 
tend to induce angina in a patient where the balance between oxygen 
need and oxygen supply was finely adjusted. On the other hand there 
is considerable evidence that exercise in moderation tends to benefit 
patients with angina pectoris. Thus, Heberden^^ cited a patient who 
was nearly cured following several montlis during which he undertook 
the task of sawing wood for J hour daily. Connor^ likewise has 
emphasized the value of exercise in patients with angina pectoris, and 
we have believed for a long time that those individuals with this disorder 
who remained moderately active (but below the pain threshold) were 
more apt to improve than the patients who restricted their activities 
to an absolute minimum. Probably, physical activity with a slight 
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increase in the metabolism of the heart tends to increase the collateral 
circulation through the healthy coronary branches. In any case it is 
worth emphasizing that patients Avho are at rest are much more apt to 
have anginal attacks in the recumbent than in the sitting posture,''' 
and hence that from the standpoint of preventing the anginal attacks 
a patient who is to be subjected to prolonged bed rest should be allowed 
to be in the sitting posture several hours a day, at least after the 
first 2 or 3 Aveeks folioAving infarction. 

As regards congestiAm heart failure, Avhich is the ultimate cause of 
death a in large percentage of the people who haA’e had mjmcardial 
infarction, it is well knoAvn that the upright position faA'ors the devel- 
opment of edema in the legs, Avhile the recumbent position favors the 
dcAmlopment of edema in the lungs. Sinee the latter is more serious 
than the former it Avould seem again that there is an adA'antage in 
haAung the patient sit up rather than lie doum in bed. 

The likelihood of the dcA’elopment of additional myocardial infarc- 
tion has already been discussed, and here again it seems probable tliat 
a moderate amount of activity, Avith the attendant increase in coronary 
floAv, Avould tend to prevent the formation of thrombi in the vessels. 

One of the most common complications of myocardial infarction is 
cardiac neurosis. Every e.xperienced phj^sician has seen many patients 
in Avhom the disability due to the patient’s anxiety and fright causes 
far more suffering than the actual cardiac disease itself. The longer 
a patient is forced to stay in bed and the more he is impressed Avith 
the dire consequences Avhich may folloAV the premature resumption of 
activity, the more likelj^ he is to dei^elop a cardiac neurosis. This 
point is not an inconsequential one because it is just as important for 
the physician to prevent mental suffering as to prolong physical life. 
The theoretical disadA^antages of strict rest in bed in the recumbent 
position can be overcome in large measure by allowing a patient to sit 
up in a chair several hours a day and perhaps to AA^alk a feAv steps in a 
gradually increasing regimen. We knoAv of no evidence AAdiich is con- 
trary to the idea that the activity of patients should be restricted for 
manj^ Aveeks folloAving infarction. The question is not AA^hether restric- 
tion of activity is desirable but rather whether 'prolonged rigid restric- 
tion is desirable. 

A strict regime of rest in bed has 2 components. One of these is 
decrease in the metabolic rate of tlie body and presumably of the heart 
as well; the other is muscular immobilization. It is the latter which 
has been studied in the present communication and the data shoAv A^eri' 
clearly that such immobilization is quite harmful. In the case of the 
rats confined to the “straight-jacket” cages the degree of immobiliza- 
tion is greater than in the case of the patient kept rigidly in bed, and 
perhaps the degree of metabolic reduction is less. Under the condi- 
tions in AAdiich qur experiments Avere carried out it is clear that any 
advantages resulting from decreased metabolic rate were far out- 
weighed by the harmful effects of muscular immobilization. Wliether 
or not this is true in patients with acute myocardial injury is unknoAvn. 
If one makes the reasonable assumption that decrease in metabolism is 
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desirable in such patients, there are still no accurate data on the ques- 
tion of how this objective may best be achieved. The patient who is 
not dyspneic presumably has a lower metabolic rate lying down than 
sitting up. However, in the patient with even a mild degree of 
orthopnea the reverse is probably true. Data are needed concerning 
the relation of defecation to this problem. The respective metabolic 
increments induced by using a bed pan and a bedside commode should 
be investigated. Similarly, observations concerning the oxygen con- 
sumption during unhappy recumbency versus satisfied sitting are 
desirable. Until information of this type is available it is well for us 
to bear in mind that prolonged bed rest following myocardial infarc- 
tion has serious psychic disadvantages. The physical advantage to 
a patient of rest in bed for a period longer than 2 weeks is as yet 
unproven. The available evidence derived from morbid anatomy 
would suggest that rigid rest for a period of 1 month to 6 weeks may 
be desirable. The evidence obtained from experiment would perhaps 
suggests that confinement in bed for a period this long is undesirable. 
A final answer can only be derived from a critical and careful study of 
many hundreds of patients. Until such a study has been carried out, 
we would maintain an open mind about the question, realizing that 
while there are advantages there are also disadvantages in keeping a 
patient rigidly in bed for a prolonged period. 

Summary. Following experimental injury to the hearts of rats the 
mortality is decidedly greater when the animals are kept closely •con- 
fined in small cages which restrict muscular activity. 

Animals so confined display considerably less activity, as measured 
by the work adder method, than control animals allowed to wander 
freely about in larger cages. 

Observations with the optional treadmill have shown that following 
injury to the heart the rat tends to return to the preoperative level 
of exercise within a period of 3 to 7 days. 

Enforced strenuous muscular effort even when carried out within 
24 hours after cardiac injury, did not materially increase the mortality 
in rats. Likewise, such exercise carried out 3 or more days after the 
operation did not cause a significant increase in mortality. 

The question of the desirability of prolonged and rigid rest in bed 
following myocardial infarction in patients has been discussed and it 
has been pointed out that this procedure has serious disadvantages as 
well as some advantages. On the basis of the available evidence it 
would appear that during the first 2 weeks the advantages of strict 
bed rest probably outweigh the disadvantages, but that after this time 
the reverse is probably true. 
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ALLOXAN DIABETEIS IN THE RABBIT 
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Physiologic Changes 
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The production of diabetes in experimental animals by the injection 
of alloxan has eA’oked general interest and discussion. Ihis drug lias 
a specific effect on the pancreatic islets of Langerhans and thereb.A’ pro- 
duces diabetes within 24 hours. The relation, if any, between alloxan 
diabetes and human diabetes immediately presents itself and this 
question is being intensively studied at the present time. 

That alloxan, AA’hen injected intravenously into rabbits, may produce 
a fatal h.vpogl.vcemia Avas first recorded by Jacobs*^ in 1937. Since 
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only the gross pathology was studied, the islet changes were not recog- 
nized. Dunn, Sheehan and McLetchie® were the first to stimulate 
widespread interest in alloxan when thej' reported a selective necrosis 
of the islets of Langerhans following intravenous injection into rabbits. 
The majority of these animals "died during the 1st day or so with 
distinctive symptoms, which were not referable to renal disease .” In 
several animals they noticed a low blood sugar shortly before death. 

Bailey and Bailey,^ revieiving these data, considered the hypothesis 
that with destruction of the islet cells there might be a massive 
release of insulin. Hence these animals could be dying in hypogly- 
cemia. Further, if hypoglycemic death could be prevented, then with 
extensive destruction of the islets the animals should develop diabetes. 
Support for this hypothesis was gained by the fact that hypoglycemic 
death was prevented by the repeated administration of intravenous 
dextrose, and diabetic animals Avere obtained ivithin 24 hours. 

Brunschwig, Allen, Goldner and Gomori® report “sustained hyper- 
glycemia” in 5 dogs observed for 2 to 3 weeks, and "transitory hyper- 
glycemia” in rabbits following alloxan. Three human patients with 
carcinomatosis, one arising in the islets of Langerhans, were also given 
alloxan intravenously but no immediate effect was obtained. Later 
Brunschwig, Allen, Owens and Thornton* gave a subsequent report 
upon the patient with carcinomatosis arising in the islets of Langerhans 
and stated that temporary symptomatie relief from hypoglycemic 
attacks for brief periods of 10 to 20 days, followed each series of 
alloxan injections. 

Dunn, Kirkpatrick, McLetchie and Telfer'* discussed in detail the 
pathologic findings in the rabbits and reported permanent hypergly- 
cemia with similar pancreatic lesions in the rat following alloxan. 
They described a ring of intact cells at the periphery of the islets and 
suggested that these might be alpha cells. Dunn and McLetchie,® 
in describing alloxan diabetes in the rat, emphasized the fact that in 
this animal the ki dney s were als o not infrequently d a mage d. Diabetic 
acidosis and coma in the rat have also been observed. 

The dog with alloxan diabetes was first carefully studied by Goldner 
and Gomori® who noticed a remarkable specificity of the dosage. 
Single doses exceeding 100 mg. per kg. caused death within a few 
hours. A dose between 75 and 100 mg. per kg. produced a diabetic 
uremic syndrome Avith death Avithin 1 Aveek. A dose of 50 to 75 mg. per 
kg. produced typical diabetes Avithout renal lesion. Doses of 25 mg. 
per kg. Avere Avithout effect. Guinea pigs, cats and pigeons Avere like- 
Avise given alloxan but Avithout the production of permanent diabetes. 
By differential stains they showed that on the 3rd day after injection 
only alpha and non-granular cells remained. 

Studying the rat, Gomori and GoIdneF- found nuclear pyknosis of 
the beta cells 3 hours after the injection of alloxan. Hooded rats, 
• they found, Avere resistant to this drug. Hughes, Ware and Young, 
hoAA^ever, report changes in the beta cells 5 minutes after the subcu- 

* BntjNscmvfo, A., Ai.i.bn, J. O., Owens, E. M., .In., and Thornton, T, F." ,1 
Am. Med. Assn., 124, 212, 1944, 
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taneous injection of alloxan into rats. Thej^ ivere able to reproduce 
in the rabbit the hyperglycemia-hypogtycemic blood sugar curve that 
folloB's alloxan by injecting adrenalin and simultaneousb^ the amount 
of insulin, as protamine zinc insulin, that would normally be present 
in the rabbit pancreas. 

Goldner and Gomori^ shoived that the initial hyperglycemia follow- 
ing alloxan can be prevented with insulin and the subsequent hypo- 
gljmemia by dextrose injection; yet the beta cells will degenerate and 
diabetes develop. 

Bailey, Bailey and Leech- found that diabetic cataracts developed 
ivithin 1 to 3 months in rabbits and rats kept alive ivith alloxan dia- 
betes. Small repeated injections were tried, and whereas 20 mg. per 
kg. have failed to produce diabetes when given 3 times a week for 
2 months, a larger dose of 40 mg. per kg. daily produced diabetes after 
8 and 14 injections respectivel^A In the 2 rabbits with the larger 
dosage, certain islet cells presented a clear-cut picture of hydropic 
degeneration. Mitosis was also seen in several cells. In the islets 
some changes ivere rei^ersible and some irreversible. They found 
200 mg. per kg. subcutaneously the most effective dose for the rat, 
as 15 of IS rats given this dose developed diabetes. 

Hard and Carr‘S emphasize cytoplasmic vacuolation in the adrenal 
medulla in addition to destruction of the islets of Langerhans in the 
rabbit made diabetic with alloxan. 

Goldner and Gomori^'* recently showed that destruction of the 
adrenal medulla prior to alloxan injection prevented the initial hyper- 
glycemic phase and that animals who had been made diabetic with 
alloxan or pancreatectomy failed to develop marked hypoglycemia 
after alloxan injection. Furthermore, insulin assay of the pancreas 
from 3 dogs made diabetic with alloxan showed only 0.5 unit per gm. 
as compared with the normal of 2 to 3 units per gm. of pancreas. 

Thorogood^® injected 50 rats subcutaneously with 200 mg. per kg. 
of alloxan. Ten developed diabetes, 10 were not affected and 30 died. 

A detailed summary of the literature can be found in a recent Dia- 
betic Progress article by Joslin.“ 

The purpose of this paper is: (1) to correlate and report in detail 
the pathologic findings in the pancreas and other organs of the rabbit 
at varying intervals after the intravenous injection of 200 mg. per kg. 
of alloxan; (2) to discuss the diabetic complications which have oc- 
curred in this animal, as well as those looked for but not' found; and 
(3) to discuss the physiology of the blood sugar changes following the 
injection of alloxan. 

Since the blood sugar rvalues uniformly pass through 3 stages— 
transitory hyperglycemia, transitory hypoglycemia and permaiient 
hypergtycemia— a study has been carried out to determine at what 
time the cells of the islets of Langerhans first show morphologic 
changes, wliether the alterations seen microscopically are the same or 
different in each stage, and udiether processes in the islet cells seem to 
represent a continuous effect. For these studies the rabbit has been 
used as the experimental animal. In spite of its numerous shortcom- 
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ings as a test species in the laboratory, the ease of intravenous injection, 
the possibility of repeated blood chemistry determinations and the 
facility with which alloxan diabetes is produced have recommended it 
for these experiments. 

Materials and Methods. All rabbits used in these experiments have been 
either Dutch or Chinchilla strains. 

In the early experiments a 2% aqueous solution of alloxan was given intra- 
venously in 3 separate injections at 15 iSinute intervals for the production of 
diabetes. Later a single injection of a 5% aqueous solution of alloxan was 
used with equivalent results. The total diabetogenic dosage was 200 mg. of 
alloxan per kg. of body weight. Smaller doses, as specified below, were used 
for the production of transitory diabetes . Only freshly prepared solutions 
were used. The alloxan used was kindly supplied by the American Cyaiiamide 
Company. 

Blood sugars were taken from the ear vein by tlie capillary method and 
determined by the micro pi ocedure of Folin and Malmos." Smith’s’^ modifi- 
cation of Benedict's method was used for the determination of the percentage 
of glycosuria. 

'The diet throughout the investigation consisted of rabbit pellets which 
contain carbohydrate 63%, protein 13%, fat 3% and fiber 12%. These 
pellets contained adequate vitamins and minerals. 

On the day of injection the rabbits, which had been fasted overnight, first 
had 2 control blood sugar samples taken. Immediately afterward, the alloxan 
was injected slowly. Blood sugar samples were thereafter taken at 15 minute 
intervals for the 1st hour and 30 minute intervals thereafter until a convul- 
sion occurred. The hypoglycemic convulsion was relieved with 2 cc. of 50% 
dextrose intravenously, and thereafter the rabbits were allowed to eat. This 
prevented further con^Tllsions. Every rabbit given alloxan in this way was 
diabetic within 36 hours. 

In nearly all cases insulin was begun on the 3d day, since by this time the 
blood sugar level usuallj’’ approached 400 mg. and frequently diacetic acid had 
appeared in the urine. 

The animals were sacrificed, usually by air embolism, at various intervals, 
as indicated in the discussion of the results. Autopsies were performed immedi- 
ately, the pancreas being the first organ removed. Routine fixation was in 
Zenker's fluid with phloxine and methylene blue staining of the sections. For 
studies of the granules of the islet cells, blocks of .pancreatic tissue were fixed 
in Bouin’s fluid and sections stained with Gomori's method for these structures.'^ 

The Islets in the Phase of Initial Hyperglycemia. For the study of 
the pancreas in this phase, material of 2 types was prepared. The first 
of these consisted of 3 rabbits, each given 200 mg. per kg. of alloxan in 
a single injection administered over a period of 10 minutes. One was 
sacrificed | hour after the end of the injection, 1 after 1 hour, and 
1 after 2 hours. The phloxine and methylene blue stain was used. 
For study of other intervals and of the role played by the different 
types of islet cells, 3 rabbits were anesthetized with nembutal, ^ gr. 
per kg. subcutaneously 1 hour preoperatively, and sufficient nembutal 
intravenously immediately before operation to produce surgical anes- 
thesia. Less than i gr. per kg. was required. The abdomens w^ere 
opened and a liiopsy of tlie normal pancreas taken. Alloxan, 200 mg. 
per kg., was then injected intravenously in 10 minutes. Successive 
biopsies were taken as follows: 

Rabbit No. /. Normal, 15 minutes, 30 minutes, I, 2, 4 and 6 hours 
after the end of the injection. 
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Rabbit No. 2. Normal, 10, 15, 30, 45 and 60 minutes after the end 
of the injection. 

Rabbit No. 3. Normal, 5, 15, 30 and 60 minutes after the end of tlie 
injection. 

The specimens "were fixed in Bonin’s solution and stained ivitli 
Gomori’s granule stain.” The specimens of the pancreas removed 
before the injection of alloxan corresponded to published descriptions.” 

In the specimen secured 5 minutes after the injection of alloxan, 
the nuclear membranes of many islet cells, especially the beta cells, 
were more prominent and their cytoplasm was I’ather clear with some 
loss of granules. Tliese changes, though slight, were definite and 
indicate the speed of localization of alloxan in the islet cells. 

At 10 and 15 minutes, the alpha cells appeared normal but most 
of the granules had disappeared from the cytoplasm of the cells at 
the centers of the islets. The nuclei were essentially the same as at 
5 minutes. 

At 30 and 45 minutes the central cells were somewhat more closely 
packed than in previous specimens, their nuclei were more shrunken, 
but the chromatin was still granular. The cytoplasm of these cells was 
still intact in outline but there was further loss of granules. Numerous 
normal alpha cells were seen. 

In specimens at 1 liour and hours, the nuclei of tlie central cells 
were further shrunken and the chromatin formed a compact deeply 
staining mass. Their cytoplasm had become less dense and early 
cytoplasmic disintegration was apparent in some areas. The capil- 
laries were congested. 

At 2 hours, these processes had extended further, and distortion of 
the general architecture of the islets was more clearly indicated than 
at .shorter intervals after the administration of alloxan. 

These findings indicate that degenerative changes begin in the islet 
cells very quickly after the injection of alloxan and progress steadily 
toward the fully established lesion associated with diabetes. At no 
stage was neutrophil infiltration seen and the. stroma, blood-vessel 
walls and pancreatic parenchyma remained unchanged. 

The Islets in the Phase of Hypoglycemia. Four rabbits were sacri- 
ficed during the phase of hypoglycemia (at 3, 4, 5 and 6 hours after the 
end of the injection). There were also available 2 biopsy specimens 
from Rabbit No. 1,. described above. 

Three hours after the end of the injection of alloxan, the islet cells 
showed a somewhat further progression of the processes described in 
the preceding section. The islets were somewhat .swollen. The nuclei 
of the majoritj' of the islet cells were pyknotic, being composed of 
homogeneous masses of very deeply staining chromatin. The cyto- 
plasm Avas irregular in outline and took the ])hloxine stain strongly. 
The cells di.splaying these changes Avcrc .separated somewhat Irom one 
another. Certain other cells located largely at the periphery of the 
islets Avere A’ery aa'cII preserA^ed. These appeared to be alpha and 
non-granular cells, no normal beta cells being encountered. No infil- 
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tratioii witli polymorphonuclear leukocytes or wandering cells was 
seen. The bloorl-vessels, stroma and acinar tissue were normal. 

Ill the rabbit sucrificd 4 hours after injection and in tlie biopsy at 
4 hours (as described in the previous section) there was further progres- 
sion of the changes in the islets of Langerhans. The cells with pyk- 
notic nuclei and degenerating cytopla.sm had coalesced somewhat, so 
that the individual islets were smaller than at 3 hours. The number 
and distribution of cells which had not undergone degeneration was 
unchanged. 

At 5 hours after injection and in the biopsy 6 hours after alloxan 
administration, the coalescence of the islet cells had progressed further 
and the number of degenerated cells in each islet was smaller. This 
was interpreted as an indication that some of them had disintegrated 
eompletely. By the end of 6 hours, more of the affected cells had 
disappeared without infiltration of polymorphonuclear leukocytes or 
wandering cells. The number, character and distribution of the 
morph ologieally normal eells were the same as in rabbits sacrificed at 
shorter times. 

The lesions in the period of hj^ioglycemia, then, were regarded as a 
progression of changes whieh began very quickly after the injection 
of alloxan. There was no alteration in the character of the lesion 
which could be correlated with the rapid drop in blood sugar. At 
the height of the period of hypoglycemia, the lesion was approaching 
that which was found in the diabetic phase. 

The Islets in the Phase of Diabetes. Fifteen rabbits were studied 
histologically in the phase of diabetes. Two of these were sacrificed 
1 day after injection, 4 at 3 days, 1 at 4 days, 3 at 12 days, 1 at 14 days, 
1 at 20 days, 1 at 3 months, 1 at 5 months and 1 at months. 
There was also available material from 1 rabbit whose pancreas was 
biopsied at 3 days and again at 84 days after the injection of alloxan. 

In the rabbits sacrificed within 3 weeks after the onset of diabetes, 
the remnants of the islets were very inconspicuous. Compared with the 
normal islet of Langerhans in a control rabbit (Fig. 1) the islet 3 days 
after the injection and 2 days after the onset of diabetes showed that 
all the degenerating cells had disappeared, whereas the cells unaffected 
by the alloxan retained their previous morphology (Fig. 2). The islet 
was somewhat collapsed and flattened. In the central portion the 
stroma cells remained intact and no inflammatory cell infiltration was 
noted. It is likely that some islets had disappeared entirelj% for they 
seemed to be less numerous than in control sections, and occasional 
small mats of fibrous tissue in the usual position of islets were inter- 
preted as islets of which only the stroma remained. Thus, the lesion 
of fully developed alloxan diabetes could be characterized as a loss of 
all beta cells with persistence of small numbers of alpha and non- 
granular cells in the absence of detectable injury to the external 
secreting tissue of the pancreas. 

The rabbits sacrificed 2, 2|, 5 and 5| months after injection had 
remained diabetic. They had been maintained in good general con- 
dition by the administration of adequate doses of insulin. All had, 
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Fig. 1.— Islet of Langerhans in the pancreas of a control rabbit, (Camera lucida 

X 1300, reduced.) 



Fig. 2. — Islet of Langerhans of a rabbit 3 days after the intravenous injection of 
alloxan. The rabbit had well-established diabetes. The functional cells at the center 
of the islet, including all the beta cells, are destroyed, though the stromal cells persist. 
There is no inflammatory cell infiltration. The few preserved functional cells at the 
periphei-y are alpha and agranular cells. (Camera lucida X 1300, reduced.) 
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liowever, developed cataract. In this period there was one biopsy at 
84 days after injection. 

The findings in the pancreas in the animals allowed to survive for 
several months after the establishment of diabetes by means of alloxan 
was confined to the islets. The total number of islets was small, sug- 
gesting that some of them had disappeared without leaving any trace. 
Those which survived were composed of masses of cells resembling 
alpha cells as far as could be judged by phloxine and methylene blue 
stain (Fig. 3). The pancreas of 1 rabbit sacrificed at 3 months, and 
the biopsy material were stained by Gomori’s method. In these 2 
specimens, the cells were wholly alpha cells and confirmed the impres- 
sion obtained from histologic sections prepared by routine methods. 
No beta cells could be identified. The number of cells in these islets 
was greater than the number surviving at 3 days after the injection of 
alloxan. It appeared probable, therefore, that there was some pro- 
liferation of the alpha cells, though no mitoses were seen in any of the 
rabbits receiving 200 mg. per kg. of alloxan. 



Fig. 3. — Islet of Langerhans of a rabbit 2 months after the intravenous injection of 
alloxan. Diabetes was present 24 hours after the injection- and persisted to the time 
of sacrifice. The islet consists of a group of alpha cells without any beta cells. (Camera 
lucida X 1300, reduced.) 

The Islets in Diabetes Induced by Small Doses. As pointed out in 
a previous publication,- the repeated injection of 40 mg. of alloxan 
per kg. in rabbits ot'er a period of 2 to 3 weeks induced a gradual rise 
of the blood sugar. After the injections were stopped, the blood sugar 
fell toward normal, indicating that the lesions were reversible from 
the physiologic point of view. We now have 3 rabbits which were 
sacrificed after the second blood sugar value of 200 gm. per 100 cc. 
was obtained. The lesion in the islets of Langerhans differed in many 
respects from that induced by large single doses of alloxan. ]\Iany 
types of alteration were encountered in the cells. Some of them 
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appeared entirely normal. Others had lost their specific granules; 
still others showed a few small vacuoles. In some, there was typical 
hydropic degeneration similar to that described in pituitary diabetes. 
Occasional cells displayed irreversible changes, as judged by loss of the 
nucleus. Scattered mitoses were encountered, but in no instance 
more than 1 per islet (Fig. 4). Many islets showed no mitoses. In 
none of the .sections was there indammatoTy cellular infiltration. 

This type of alteration in the i.slet cell of the pancreas was striking 
and it would be difficult to match it among the well-recognized lesions 
of islet cells. It suggests that different cells receive various degrees 
of injury by the .small doses of alloxan. From the standpoint of 
morphology of the individual cells, some of these changes are reversible, 
Avhile others are irreversible, the former predominating. There is some 



Eli;. 4. — portion ol an i.slet of Langcrlians of a rabbit developing mild diabetes after 
repeated iniections of alloxan, 40 mg. per kg. The cells show a variety of changes. 
Some are essentially normal. Others show various degrees of hydroptic degeneration. 
One is in mitosis. (Camera lucida X 1300, reduced.) 


replacement of irreversibly altered cells, as indicated by the mitoses. 
This is in conformity with the observation that the diabetes is. physio- 
logically reversible. In these islets, there was no scar formation and 
no inflammatory cellular infiltration. The acinar tissue appeared 
entirely normal. 

Changes in Organs Other Than the Pancreas. The changes in organs 
other than the pancreas appear to be minimal. Our findings are in 
conformit;)' with those which hai'e been published elsewhere.'’’®'*’*'’' 
In the rabbits sacrificed within .3 days after the injection of 200 mg. 
per kg. of alloxan the kidneys showed a mild degeneration of the 
tubular epitheliimi. This consisted of vacuolization and some desqua- 
mation of the cells. The glomeruli appeared essentially normal. ^ In 
rabbits saerificed at longer periods after injection, there were no lesions 
which could be definitely correlated Avith the administration of alloxan. 
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though the rabbit is a poor experimental animal for the exact inter- 
pretation of minor renal lesions. The slight evidence of morphologic 
cliange in the kidney correlates Avell with tlic absence ol changes in non- 
protein nitrogen of the blood. 

In rabbits sacrificed within 3 days after the injection of alloxan, 
some of the liver cord cells showed mild fatty metamorphosis, but no 
massive necroses were seen. The livers of rabbits sacrificed from 2 
to 5 months after injection appeared entirely normal. 

Sections of all the endocrine glands were studied in each of the 
animals. These studies included the pituitary. All these tissues, 
with the exception of the pancreas, appeared within the range of nor- 
mal. There was some congestion of the vessels in and about the 
adrenal in the animals sacrificed wfithin the first 24 hours. This 
change did not seem sufficiently constant or striking to permit the 
statement that it was beyond the possible range of normal animals 
sacrificed in the same way. While evidence has been published that 
the adrenal gland plays a role in the physiologic changes,^® we find it 
difficult to regard any morphologic alteration which we have seen as a 
reflection of this activity. 

Histologic sections of other organs showed no lesions due to the 
injection of alloxan. 

Diabetic Complications. It has been shown elsewhere'-’^ that dia- 
betic coma results in certain animals—both rats and rabbits— unless 
the diabetes produced by alloxan is controlled by the administration 
of insulin. We did not find any histologic changes which were to be 
correlated with the development of diabetic coma in these animals, 
although exliaustive cytologic studies of the brain were not undertaken. 
The technique of alloxan diabetes, however, could be well used in 
making such study. 

The development of cataracts has also been described in another 
paper.- As discussed there, the development of cataracts as viewed by 
slit-lamp corresponded in all respects to the development of cataracts 
in human individuals. Histologically also the cataracts corresponded 
to the picture of human diabetic cataracts. Cataracts seem to develop 
much more quickly and progress further in rabbits with poorly'' con- 
trolled diabetes than in those receiving insulin. 

None of the rabbits so far studied presented evidence of arterio- 
sclerosis. The rabbit is so prone to spontaneous arteriosclerosis that 
it would seem an unsuitable animal for the evaluation of the relation 
of diabetes to arteriosclerosis. This Avould be true even though the 
percentage of such lesions was to prove high in rabbits which had been 
maintained in diabetes over a considerable period of time. No 
physiologic changes suggestive of diabetic neuritis have yet appeared 
and no degeneration of peripheral nerves was noted in histologic 
sections. 

Comment. This study, as well as numerous investigations in the 
literature, indicates that the most striking characteristic of the lesion 
induced by the injection of alloxan is the specificity which it shows for 
the islets of Langerhans. Furthermore, the beta cells are affected 
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most severely and a certain percentage of the alpha cells remains 
intact. This specificity not only provides an excellent technique for 
the production of diabetic animals in the laboratory but also presents 
a problem in the correlation of chemical and morphologic relationshijis. 
The changes outside the pancreas are minor in character from the 
morphologic point of view. This is a further indication of the specific- 
ity of alloxan for the islets of Lahgerhans, and also provides evidence 
that the animals may be maintained for long periods of time by the 
administration of insulin without complicating extrapancreatic lesions. 
From the point of view of the investigator, however, it is unfortunate 
that the alpha cells are not completely destroyed. Experimental 
pituitary diabetes can result in destruction of beta cells without 
destruction of alpha cells. It would be useful if, in alloxan diabetes, 
there was complete destruction of the islet cells, so that a preparation 
would be available with the external secreting parenchyma intact but 
all cells of the islets destroyed. Alloxan, however, does not satisfy 
these requirements. 

There are conspicuous species differences in the extent of extrapan- 
creatic lesions induced bj"^ the injection of alloxan. For instance, the 
lesion of the kidney in the is much more severe than are 

those in the rabbit. The studies reported in this paper indicate that 
the lesion of the islets of Langerhans after the injection of alloxan 
begins its development a very short time after the injection has 
been given and continues in a steady progression to the fully estab- 
lished lesion. There is no break in the sequence at any point. The 
lesion is degenerative from the beginning and progresses through a 
.stage of almost complete destruction to one of repair by cells which are 
unable to secrete insulin. For this reason, the explanation for the 
hj-poglycemic phase must be sought elsewhere than in a stimulation of 
the islets of Langerhans. It seems to us likely that the initial hj-per- 
glycemic phase has an extrapancreatic origin and the experiments of 
Goldner and Gomorh® indicate clearly that the adrenal is connected 
with this phase. 

The lack of cellular response to the necrosis in the islets of Langer- 
hans is remarkable. In almost all other forms of necrosis, neutrophils 
may be seen at one stage or another. The response of the islets of 
Langerhans to alloxan, therefore, offers a biologic problem of consider- 
able interest from the standpoint of general pathology. 

The lesions induced by small doses of alloxan are very striking. 
The number and variety of changes in the islet cells are not reminiscent 
of any well-known lesion of these islets. For comparable lesions, one 
is inclined to look for comparison more toward the early sequences in 
other organs following administration of certain carcinogenic hydro- 
carbons than to the lesions produced by massive doses of alloxan or 
to those recognized in hmnan diabetes. 

From these considerations, it appears that the injection of alloxan 
not only provides a useful technique for obtaining diabetic animals in 
the laboratory and for the study of diabetic complications, but also 
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provides a useful technique for the study of numerous problems in 
general pathology.* 

Summary. A study of the lesion induced by alloxan at numerous 
intervals in the islets of Langerhans of the rabbit, indicates that it 
begins almost immediately after the injection of the material and that 
it is degenerative from Idle beginning. Degenerative changes in the 
islet cells are already apparent in the initial hj-perglycemic stages, and 
in the hypoglycemic stage thej-^ progress to a point where they approach 
those of the diabetic phase. The histologic lesions in the different 
phases of the blood sugar curve are one continuous process. The 
pancreatic acini remain normal throughout and changes in organs 
other than the pancreas are minimal. 
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ACUTE YELLOW ATROPHY OF THE LIVER IN EARLY SYPHILIS 
A Case Report With Summary of the Literature 

By Martha F. Leonard, IM.D. 

ASSISTANT IN MEDICINE 
NASHVILI/E, TENN. 

(From the Department of Medicine, Vanderbilt University Medical School) 

Acute yellow atrophy of the liver occurring in early sjqihilis is very 
rare. Its incidence as a complication of acute, untreated syphilis is 

* Since this'paper was submitted for publication, there has appeared a study relevant 
to this discussion. (Ridout, J. H., Ham, A. W,, and W^renshall, G. A.: Science, 100, 
57, 1944.) This investigation showed by means of insulin assays and histologic studies 
on the pancreases of rats and dogs after administration of alloxan that "the insulin con- 
tent of the pancreas did not fall appreciably until after most islet cells were found by 

histological examination, to be dead It appears most unlikely that it exerts its 

Iij'poglycemic effect by stimulating islet cell secretion because most of the islet cells are 
dead when the hypoglycemic phase occurs.” 

There is thus evidence from physiologic and morphologic studies that alloxan causes 
hypoglycemia by release of preformed insulin. The hypothesis suggested in our first 
studies* thus receives strong support from two entirely independent investigative 
techniques. 
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small, although it is seen more frequently following arsenical therapy. 
Therefore it seemed worthwhile to report this case, in which jaundice 
occurred accompanying secondary syphilis, progressing in a few weeks 
to acute ;>'ellow atrophF'. 

Jaundice occurring in syphilis Avas noted as early as 1585 by Para- 
celsus.-® It was early appreciated that hepatic inAmlvement in acute 
syphilis might take one of two forms — relatively benign syphilitic hepat- 
itis or grave icterus, a fulminating acute yellow atrophy. Herxlieimer'^ 
estimated that the incidence of jaundice was 0.3 to 3% of all patients 
with early syphilis. In 1853 Gubler’® proposed as proof for the syph- 
ilitic etiology of this jaundice the five points: (1) that it exists in the 
absence of other common causes of jaundice; (2) that it coincides Avith 
other specific s.^miptoms; (3) that it appears regularly in a determined 
period of the general infection; (4) that it has a typical course and 
duration; and (5) that specific treatment leads to a favorable outcome. 

The actual pathogenesis of the jaundice in acute syphilis has been 
difficult to establish because of the paucity of pathologic material. 
WarthiiP® alone has reported the demonstration of Tr. 'palUdum in 
the liver of a patient in the secondary stage of adult sj'philis. Other 
theories of the mechanism of this jaundice include interstitial in- 
flammation,'^'’ hemolytic jaundice,®-" roseola of the bile ducts, portal 
lymphadenitis obstructing the bile ducts, duodenal catarrh, and 
sj'philitic hepatitis. 

The introduction of arsenical therapy has further complicated the 
question of syphilitic jaundice. The hepatotoxic action of the organic 
arsenicals has been Avell demonstrated both in experimental animals 
and in man, Avith results ranging from mild degenerative changes to 
acute yelloAv atrophy. Wile and Sams-*® computed an increase of 
jaundice in early syphilis from 0.18% in untreated patients to 1.37% 
in those given arsenical therapy. Although some of these instances of 
jaundice during treatment are clearly manifestations of arsenic toxicity, 
substantiated by the evidence of Moore®'' and Sager, others may be 
syphilitic hepatitis occurring because of insufficient treatment and 
responding to further antisyphilitic therapy, and still others- inter- 
current acute catarrhal jaundice. Statistics from large army and 
naA^y groups (Suffer,®® Ruge,®®-®® haAm shoAvn a striking parallel betAveen 
the incidence of postarsphenamine jaundice in syphilitic and that of 
acute catarrhal jaundice (non-specific acute hepatitis) in non-syphilitic 
men of the same locations. 

The mechanisms for the occurrence of jaundice in early syphilis 
haA^e been A^ariousb^ postulated as: 

Untreated (due to syphilis) ; 

Roseola of bile ducts 

Lj^mphadenitis compressing bile ducts 

Spirochetosis 

Hyperemia of intrahepatic bile ducts . 

Duodenal catarrh 
Hemolytic jaundice 
Syphilitic hepatitis 
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Treated: 

Herxheimer effect 

Syphilitic hepatitis with inadequate treatment, hepato-recurrence 
Arsenical hepatitis 
Bismuth hepatitis 
Mercurial hepatitis 

Coincidental: 

Catarrhal jaundice 
Cholelithiasis 

The simultaneous occurrence of acute yellow atrophy and syphilis 
was first recorded in 1S36 by Brightd By 1908 Fischeri® collected a 
total of about 50 cases from the literature. Osler^® attributed 10% 
of all cases of acute yellow' atrophy to early syphilis. Since 1914, 
undoubtedly because of the ividespread use of specific treatment, there 
have been very few cases reported of acute yellow' atrophy in un- 
treated syphilis. Survey of the literature to date reveals 59 cases of 
acute yellow' atrophy of the liver in acute sj'philis, proven at autopsy, 
not related to arsenical treatment. Of these, 21 were w'omen, of w'hich 
at least 2 w'ere pregnant, 15 w'ere men, and the rest not designated. 
All W'ere betw'een the ages of 2 and 39, most betw'een 16 and 25. Most 
W'ere in the secondarj' stage, but 4 occurred during the primary stage 
of syphilis. In 12 treatment w'ith mercury preparations preceded the 
onset of jaundice. There have been 2 cases diagnosed as acute yellow 
atrophy clinically because of decreasing liver size, mental confusion, 
and the presence of crystals of tyrosine and leucine in the urine, both 
recovering with specific therapy; Umber’s case'*'* treated W'ith arsphen- 
amine, and Wile’s'*® treated with mercury and iodides. 

Since the introduction of the arsenicals, there has been considerable 
increase in the number of cases of acute yellow' atrophy associated W'ith 
early sj'philis. By 1930 Bortin® could collect 90 reported cases of acute 
yellow atrophy follow'ing arsphenamine therapy. McDonagh*® re- 
ported 5 cases of jaundice and 1 of acute yellow' atrophy in early 
syphilis seen in the period from 1906 to 1914; from 1914 to 1918 he 
saw' 21 cases of jaundice and 8 cases of acute yellow' atrophy in patients 
w'hose acute syphilis w'as being treated by arsphenamine. Neoars- 
phenamine has been found to be less toxic than arsphenamine (Scham- 
berg®®). The only report of acute yellow' atrophy followdng treatment 
W'ith mapharsen w'as that of Zellermayer.®” 

The similarity of syphilitic acute yellow' atrophy to that w'hich 
follow's acute catarrhal jaundice has been pointed out by Senator,®’ 
Buschke,® and Plerxlieimer.*® 

Clwical Picture. Clinically, acute' syphilitic hepatitis differs little 
from acute catarrhal jaundice. Often there is less systemic reaction — 
less malaise, fever, or gastro-intestinal symptoms — ^but this is not 
sufficiently distinctive to be of diagnostic importance. Only the 
demonstration of the spirochete or the pi-esence of positii’e serologic 
tests for syphilis gives presumptive evidence that syphilis is tlie cause 
of the jaundice. 

Similarly acute yellow' atroifiiy associated with acute syphilis is no 
different clinically from that of other causes. It usually begins in- 
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sidiously like a benign hepatitis, often witli liepatomegaly. There may 
or may not ])e fever, malaise, muscle pains, nausea, vomiting, or 
pruritis. Then rather suddenly there comes a turn for the worse, 
marked especially by psychic and neurologic disturbances— headache, 
restlessness, disorientation, delirium, hyperactive reflexes, convul- 
sions— finally coma and death. During this latter phase the liver 
becomes rapidly smaller. Crystals of tyrosine and leucine often 
appear in the urine, and frequently the patient has a striking pungent 
odor, suggestive of acetamide. Terminally there is usually a little 
fever. 

Case Report. M. H., a 1.5 year old, single, white school girl, was admitted 
to the Medical Service of the Vanderbilt University Hospital on October 30, 
1942, with the complaints of rash and jaundice. Her illness had begun about 
3 weeks before with a small round, red, raised, burning lesion on the left labium, 
occurring about 3 to 4 weeks following last sexmal’ exposure. The genital 
lesion subsided spontaneously in 3 or 4 days, but about 2 weeks before ad- 
mission small, round, red, raised, non-pruritic lesions appeared on the labia, 
and soon after on the face, hands, arms, legs, and feet. About 10 days before 
admission the urine became dark. Eight days before admission her skin and 
eyes became yellow, the jaundice deepening progressive^ to the time of 
admission. During the week before admission she had malaise, slight fever, 
anorexia, and nausea. She had received no treatment. 

Physical Examination . On admission her temperature was 101 ° F., pulse 82, 
blood pressure 116/80. There was marked icterus of the skin, sclerffi, and 
mucous membranes, but the patient did not appear very ill. There was a 
widespread papular eruption over the entire skin surface, most profuse on the 
palms and soles. There was a general glandular enlargement, most marked 
in the inguinal regions. The tonsils were enlarged and inflamed, v'ith mucous 
patches. Liver and spleen were not palpable, the liver edge being percussed 
3 cm. above the costal margin, with the upper border at the normal level. 
There was considerable inflammation and edema of the ^mlva vith small 
ulcers, and a profuse white purulent vaginal discharge. Reflexes were hypo- 
active. During her entire stay a peculiar pungent, mousy odor was noticed 
constantly in her room. 

Laboratory Data. Dark-field examination of scrapings from one of the skin 
lesions revealed Tr. pallida. Wassermann and Kahn tests were strongly 
positive. The urine contained bile. Stool was light in color, but gave a posi- 
tive test for bile. Icterus index was 45, van den Bergh test positive immediate 
direct, prothrombin time 29 seconds (less than 20 % of normal) . A flat Roentogen 
ra 3 ’^ film of the abdomen showed that the liver was apparently normal in size. 

Course. On November 2, after the icterus index had risen to 60, the patient 
was given 0.015 gm. of mapharsen intravenously and 0.13 gm. of bismuth 
subsalicylate intramuscularly. That evening the temperature rose to 103° F., 
and all the skin lesions were surrounded by erythema. On the following daj'^ 
the temperature dropped to normal, and the exacerbation of the skin lesions 
had subsided. Icterus index was still 60, and serum bilirubin was 23.6 mg. 
per 100 cc. On November 4, without any specific therapj'^ or any complaints, 
the temperature again rose to 103.6° F. On November 5, mapharsen 0.03 gm., 
was given intravenouslJ^ The temperature rose to 101 ° F., but there was no 
change in the skin lesions. On that daj' the icterus index was 45. On Novem- 
ber 6, she received 0.13 gm. of bismuth subsalicylate intramuscularly, with a 
subsequent rise of temperature to 100.6° F. On November 8, mapharsen 
0.04 gm. was given intravenously. By this time she was afebrile, the skin 
lesions were subsiding, and the ulcers of the vulva were smaller. However, 
the jaundice persisted unchanged, with the icteric index 60, serum bilinibin 
31 mg. per 100 ce., and prothrombin time consistent^ less than 20% of normal, 
in spite of dailj" injections of vitamin K. On the afternoon of November 10, 
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the patient said that she felt queer and thought she was going to die, but no 
objective changes were noted. The next day she complained of extreme 
weakness, and became progi-essively more confused and disoriented, with 
nausea and anorexia. By evening she was stuporous. Her neck was not stiff. 
Her pupils were widely dilated, but reacted to light. Eye-Bounds wcto nega- 
tive. The liver edge was questionably palpable in the midepiBstrium, but 
liver dullness was still very small. Reflexes were equal and active. Lumbar 
puncture revealed clear yellow fluid under pressure of 145 mm. of water, 
containing no cells. Spinal fluid protein and sugar were normal, and Wasser- 
mann test was negative. No tjTosine or leucine crystals were demonstrated 
in the urine. Icterus index was 60 and remained so until death. On Novem- 
ber 12 she was extremely lethargic, and on November 13 it was noted that the 
left arm was flaccid rvith very hypoactive reflexes, although all the other 
tendon jerks were hyperactive. Kernig's sign was negative. There was a 
positive Babinski reflex bilaterally. On November 15, a sustained clonus 
was noted in both ankles, and temperature went up to 101.4° F. The following 
day respirations became labored and stertorous, and many coarse rales were 
heard throughout the chest. Her temperature was 102.8° F., and leukocyte 
count 20,000. Sulfathiazole was given by gavage. Lumbar puncture revealed 
clear yellow fluid under markedly increased pressure, containing 176 red blood 
cells and 13 white blood cells per c.mm. During this last week she was treated 
with parenteral glucose and saline, transfusions of fresh whole blood, and 
oxygen. On the morning of November 17 she developed some muscular 
twitchings of her face and deep gasping respirations, and died in about half 
an hour. 

Pathologic Report (limited to positive findings) : The patient was seen 
to be deeply jaundiced with the renmants of a generalized red-brown maculo- 
papular eruption involving the scalp, face, extremities, and vulva. The 
peritoneal cavity contained 50 cc. of dark yellow-green fluid. The fat was 
dark yellow in color, and contained numerous petechial hemorrhages. The 
peritoneal surfaces were stained yellow and were smooth, shiny, transparent, 
and glistening. The mesenteric and retroperitoneal lymph nodes were enlarged 
and soft. The posterior portions of both lungs were firm and resistant. The . 
epithelial linings of the bronchi were hemorrhagic, and there was a small 
amount of brown frothy fluid in the bronchial lumina. The hilar and media- 
stinal nodes were enlarged, yellow, and soft. Posterior to the second portion 
of the duodenum was a small retroperitoneal hemorrhage. The gastric rugse 
were unduly prominent and hemorrhagic, with moderate edema, but no areas 
of ulceration. The liver weighed 1000 gm-, had thin, well-demarcated edges 
and a smooth, shiny capsule without evidence of wrinkling. It was a bright 
red color ivith several small, elevated, yellow nodules on the anterior and 
posterior surfaces of the right lobe. The liver was of a firmer consistency than 
normal except for the yellow nodules, which felt like normal liver tissue. The 
red areas were firm, contained excess fibrous tissue, and did not show^ the normal 
liver lobules. The yellow areas contained distorted lobulations. The gall 
bladder was small and contracted, slightly thickened, but with normal, patent 
ducts, no stones. The spleen weighed 280 gm. and showed prominent Mal- 
pighian corpuscles and a generally hyperplastic appearance. The kidneys 
wei-e enlarged and soft, with normal shape and contour. The brain was slightly 
softer than usual and generally edematous, but there were no areas of hemor- 
rhage or softening. 

Microscopically the liver parenchyma appeared disintegrated and necrotic. 
The remaining liver cells were irregular, distorted, granular, and arranged in 
cords. Many showed extremely dark nuclei and many clear zones. The 
remainder of the liver substance was represented by cellular debris, massively 
infiltrated by small round cells, polymorphonuclear leukocytes, large mononu- 
clear leukocytes, and macrophages. These necrotic areas contained albuminous 
granules, fat globules, masses of bile pigment. The sinusoids were nidely 
distended, and small foci of hemorrhage were evident. This destruction was 
generalized, but appeared to be most marked about the central veins. The 
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A^essels were engorged, and their walls showed a small round cell and macro- 
phage infiltration. There was a rather marked bile duct proliferation, about 
which there was an infiltration by lymphocytes and plasma cells. Scattered 
throughout all sections there were patchy areas in which there appeared to lie 
a fibroblastic proliferation. The large bile ducts were lined with extremely 
tall columnar epithelium. The capillary tufts of the kicbieys were engorge'd 
with blood, and many showed hemorrhage on the basement membrane. A 
few appeared abnormally cellular, due to the presence of macrophages within 
the tuft. The tubules showed marked cloudy swelling. The meninges were 
thickened and moderatelj’’ infiltrated 113’- l3mii)hocytes,' large mononuclear,'^, 
and macrophages. The subpial space contained an amorphous pink jirecijii- 
tate. The cellular infiltration accompanied the meninges into the brain sub- 
stance. The meningeal vessels were markedl3'^ engorged with extravasation 
in man3'^ regions. The cortical neurons show'ed a normal distribution with no 
significant changes. The perivascular sjiaces were wider than normal, with 
occasional small hemorrhages. 

The ANATOMIC Di.\GNOSEs Were acute 3'ellow atro))h5' of the liver, secondary 
syphilis, acute bronchopneumonia, focal glomerulonephritis, acute uterine 
cervicitis, cerebral edema and congestion, acute splenic tumor. 

Discussion. This patient, then, was a 1 5 .vear old girl, who developed 
jaundice shortl3'^ after a secondaiy sxphilitic eruption, and who pro- 
gressed to acute 3’ellow atrophx* of the li\'er, d3’ing about a month 
after the onset of jaundice. At the time of admission her liver was 
small to percussion and apparentl.v about normal size bx' Roentgen ray— 
not enlarged as one might expect in a simple S3philitic hepatitis. Acute 
j^ellow atrophy was considered at that time, but its extreme rarity 
and the apparent normal liver contour b.v Roentgen ra.X' fa^■ored the diag- 
nosis of S3philitic hepatitis. Consequent!}' specific therap}' was decided 
upon. The patient developed a typical Hevxheimer phenomenon 
(fever and exacerbation of skin lesions) after the first injection of 
mapharsen and bismuth, and a much milder one after the second 
mapharsen injection. The skin lesions began clearing satisfactoril}’. 
However, the failure of the jaundice to improve cast some doubt on its 
S3'philitic etiolog}' and suggested an intercurrent acute catarrhal 
jaundice. About this time the patient became suddenl}' worse, with 
stupor, h3'peractive reflexes, clonus, positive Babinski reflex, dilated 
pupils. The predominance of neurologic S3'mptoms with negligible 
fever or gastro-intestinal S3’mptoms and the onset 3 days after the last 
injection suggested hemorrhagic encephalitis caused b}' mapharsen, 
or a cerebral hemorrhage related to the protlirombin deficienc}'. How- 
ever, the autops}' showed t3'pical acute 3'ellow atrophx' of the liver, 
with onlj' cerebral edema, no hemorrhagic lesions in the brain. 

The question arises as to the nature of this patient’s liver disease. 
Did she have S3'philitic hepatitis resulting in acute 3-ellow atroph.v 
because of the added hepatotoxic effect of mapharsen? Did she have 
acute 3'elloAv atroph}' from the onset? Did she haA'e acute catarrhal 
jaundice? Would she have recovered on heaxy metal therap}'. or on 
more vigorous arsenical therapx"? These questions cannot be answered 
with our present knowledge. We doubt that her death was duo solely 
to arsenic, since of her three doses onR' the last xvas of therapeutic size. 
The occurrence of the jaundice almost sinndtaneousl.v with the secon- 
darx' S3-philitic eruption stronglx' suggests that it xvas sx'philitic in 



lkonard: acute yeulow atrophy of the iaver 4(i7 

origin. If the jaundice was due to syphilitic hepatitis, we believe that 
it was probably a grave form from the onset and progressed to acute 
yellow atroj)hy in spite of treatment. The other possibility, an acute 
infectious hepatitis, cannot be ruled ovit. 

From an extensive search of the literature there have been collected 
31 cases of syphilitic hepatitis with jaundice, in which arsenical therapy 
brought about rapid clearing of the jaundice. Not a single instance 
has been found in which the use of arsenic in the presence of jaundice 
resnlied in aente yellow atrophy. Thus, our case is unique. This 
patient had secondary syphilis and jaundice, was given mapharsen 
and bismuth, and subsequently died of acute yellow atrophy of the 
liver. 


Tabi.e 1. — Syphii.itic Hepatitis Treated by Arsenical Preparations 






Tioatmcnt before 

Diagnostic 

Treatment after 

Author 

Sex 

Acc 

Stage 

iauntlice 

proof 

jaundice 

Dvilmts 

M 

49 

1 

Hebet'm 

DF 

Arsphenamine 


1'- 

J9 

2 

“Mixed treatment” 

W 

Arsphenamine 

Miliau2= . . . . 

]•' 


2 

Neoarnphetiamine 


Neoarspheiiaminc 

Scott & i’purson® . 

M 

21 

2 


Neoarsphenamine and 
mercury 


M 

2t 




Neoarsphenamine and 
mercury 

Milianti 

F 

21 

2 


DF 

Neoarsphenamine and 
mercury 


M 

38 

2t 

Olarsol and neo- 
arsplicnaminc 


Neoarsphenamine and 
mercur>^ 

riiatelliei'' . . . . 

F 

22 

1. 2 


DF, AV 

Neoarsphenamine 

Penesoh Crehnngo' . 

I' 

21 

1, 2 



Arsenical 

Nicaiid^ . . . . 

V 

32 

1.2 


DF 

Neoarsphenamine 

Nicaurt-® . . . . 

V 

23 

1,2 


AA' 

Arsphenamine and 
mercury 

Tobias^ . . . . 

F 

20 

2 


DF, AV 

Arsphenamine 

.Mattes!! . . . . 

G or 7 cases 

Arsenical (3 doses) 
Ncoarsphenamine 


Arsphenamine 

. . . . 



2 

W 

Arsenical 

Arsenical 

. . . . 

F 

2,-) 

2 

Kl, Ka 

Neoarsphenamine 


M 

22 

1, 2 


Kl, Ka 

Neoarsphenamine and 
bismuth 

Cieawelp . . . . 

M 

10 

2 


AV, ICa 

Bismuth and arson- 


M 

20 

T 


AV, E 

oxide 

Lane*" 

U 

29 

2 


Arsphenamine and bis- 
muth 

Arsenical 

INIoore-i . . . . 

3 

or 4 cases 



Rattupr-® . . . , 


33 

2 


DF. AV 

Neoarsphenamine 

Kampmeier^^ . 

M 


2t 


AV 

Neoarsphenamine 

Kampmoier^® . 

M 

30 2t 

t Relapse. 


DF, AV. Ka 

Neoarsphenamine 

1 , primary; 2, secondary; 

OF, 

dark-tield; W, Wassermann; 

; Ka, Ilahn; 

Kl, Kline; E, Eagle. 


The accompanying table summarizes the reported cases of patients 
with syphilitic hepatitis, who Avere treated with one of the arsphen- 
amines. It was interesting to compare these results with those obtained 
by treatment Avith mercury, iodides, and bismuth. Heavy metals 
alone brought about elearing of the jaundice in most cases, but after 
an average of 1 or 2 months instead of 1 to 3 Aveeks. One may question 
Avhether some of the patients Avho died of syphilitic acute yelloAV 
atrophy in spite of treatment Avith mercury or bismuth might have been 
saved by arsenical therapy. Since improvement with heavy metal 
treatment was very slow, it is reasonable to doubt whether it had any 
appreciable effect on the s.Aqjhilitic hepatitis, or AA^hether the jaundice 
in those cases cleared spontaneously. 

This brings up the still debated question of the best Avay to treat 
patients Avith jaundice in acute sjqihilis. Because of the occurrence 
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of jaundice after arsenical treatment and the experimental evidence 
of the toxicity of arsenic for the liver, there has been prejudice against 
the use of arsenical therapy especially at the onset of treatment. 
Scott and Pearson-"' advocated prelhninary treatment with mercury 
and iodides for several weeks to months, then cautious use of an 
arsphenamme. Wile,'*^ although admitting the brilliant results some- 
times achieved with arsenical therapj^, recommended that it not be 
used as a routine measure in hepatic syphilis. Elliott and Todd,® 
Smith,®® and MacDonald®® believed that arsphenamines were contra- 
indicated. O’Leary®^ advised the prolonged use of preparations of 
mercury and iodides preliminary to the use of arsphenamine. Stokes, 
in benign hepatitis, recommended bismuth until the icterus index 
returned to normal, then arsphenamine in moderate doses. For grave 
icterus he felt the vigorous use of bismuth the best treatment. 

On the other hand, Umber^ reported a case of jaundice in acute 
sjTphilis, diagnosed acute yellow atrophy because of the rapid decrease 
in size of the liver and the presence of leucine and tyrosine crystals in 
the urine, which responded well to arsphenamine, making a rapid 
recovery. He advised that in acute yellow atrophy with a positive 
Wassermann test one should not delaj^ arsphenamine therapy. Lange- 
vin and Brule'® considered the hepatotoxic action of arsphenamine 
negligible compared with its therapeutic activity. Mattes,®' in dis- 
cussing Smith’s paper, cited 6 or 7 cases treated with arsphenamine, 
recovering without complications. Rolleston®' recommended that the 
treatment be that of the sj^ihilis, not that of jaundice. Irgang and . 
Sala'^ believed that the presence of a mild syphilitic hepatitis was no 
contraindication to arsphenamine therapy. Waugh''® reported good 
results from the use of arsphenamine. In early syphilitic hepatitis, 
Moore®'' advised the use of arsphenamine as in uncomplicated early 
syphilis, starting with smaller doses, but working up quickly to the 
usual therapeutic dose. In all his (3 or 4) observed cases the jaundice 
rapidly cleared, there were no evidences of decreased tolerance for the 
arsenicals, and the patient’s subsequent progress was uneventful. 
As to acute yellow atrophy in early sj'philis, he reported that it “is 
so rare that we have never seen a case. Reported instances have been 
so rapidly progressive and the prognosis so grave that therapeutic 
efforts can not be limited to the slower acting heavy metals. Neo- 
arsphenamine or mapharsen should be employed.” 

No one person sees enough of such patients to be able to accumulate 
an adequately controlled series. In view of the incompleteness of 
clinical evidence of deleterious effect • of arsenical therapy in the 
jaundice of early s;^q)hilis, and the reports of prompt relief of sjroptoms 
by specific therapy, we believe that the published weight of evidence is 
in favor of its use. We must bear in mind, however, the general 
tendency not to report unfavorable cases. jMany patients have been 
cured of their jaundice bj’- mercury, iodides, or bismuth, or even with- 
out treatment. However, some of these patients die of acute yellow 
atrophy, vhereas the case here reported is the only one known in which 
arsenical treatment of early sjqihilitic jaundice has been followed by 
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acute necrosis of the liver. And it remains to be shown which causes 
the more permanent liver damage and loss of liver function, the 
vapidly acting, more toxic arsphenaniine, or a more prolonged course of 
syphilitic hepatitis. 

Confronted with this identical situation again, we still would not be 
sure of the correct answer as to therapy. In spite of the fatal outcome 
of this patient, we believe that the evidence gathered from the literature 
justifies the use of arsenical treatment in acute syphilitic hepatitis. 
We are of the opinion that vigorous treatment with one of the arsenical 
preparations and bismuth, together with the usual supportive measures 
in liver disease— high carbohydrate, high protein, low fat diet, adequate 
fluids, high vitamin intake, transfusions— offer the best chance for 
success. 

Conclusions. 1 . An unusual case of acute yellow atrophy in secondary 
syphilis with death after 3 injections of mapharsen and 2 of bismuth is 
reported. 

2. The literature concerning jaundice in acute syphilis, its patho- 
genesis and treatment, has been briefly summarized. 

3. Sj'philitic hepatitis responded favorably to arsenical treatment 
in all the 31 reported cases. 

4. Although knowledge of the subject is incomplete, and although 
our patient died of acute yellow atrophy after a small amount of 
mapharsen therapy, we believe that until the cases with bad effects 
have been adequately reported, we can only saj'^ at present that the 
literature supports the stand that the use of the arsphenamines in the 
treatment of jaundice in acute syphilis is justified. 
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OBSTRUCTION OF THE HEPATIC VEINS (CHIARI’S DISEASE) 
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of Medicine) 

In this paper ive are reporting 5 cases of a rare disease, hepatic vein 
thrombosis. This condition was described by Bu’dd^ as early as 1S46, 
and endophlebitis of these veins was recognized as a pathologic entity 
by Chiari^ in 1899. The clinical aspects were defined by Hess'- in 
1905 and by Thompson and Turnbull-® in 1912. Two instances of 
neoplasm obstructing the hepatic A’^eins Avere reported in the next 
decade,'®’-'' and HooA'^er'® in 1920 found 30 cases in the literature. 
A tabular synopsis of cases reported. since, 1920 is giA^en i'li Table 1.^ 
A A-ariety of etiologic factors has been reported for hepatic ATin 
obstruction. They inqlude primary thrombosis arid'- thrombophleb- 
itis;^’'- primary endophlebitis;^ local and general, iiifectroh;®’-® stasis ;- 
systemic disease, in most cases poB’-cythemia- A'^eija;'’-’^'®’'®’-'’-''’-® and 
mechanical obstruction by anomaly^-'- or,"'nedplasm."’'®’-' Early 
AATiters faAmred alcoholism,'* sj-philis^ aiid mechanical stresses asso- 
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ciated with pregnancy® or chronic cougld" as causative agents, but 
these must be exceedingly rare. Only one definitely positive Wasser- 
niann reaction appeared in one series of S cases.® 

Thrombosis occurs most frequently where the hepatic veins empty 
into the inferior vena cava, perhaps because of eddy currents formed 
at the oblique entering angle.-’'®-® As thrombosis of the hepatic veins 
is often accompanied by infiammatory changes in the inferior vena 
cava,®’® it is probable tliat the two processes arc often continuous, 
proximity and eddy currents aiding in the spread of infection from one 
vein to the other. Hepatic vein thrombosis may be partial or com- 
plete,'® or complete with recanalization.®-''’’"’ Collateral circulation is 
common when the obstruction occurs gradually,®® and the ratio of 
collateral circulation to circulation lost by obstruction determines the 
symptoms experienced by the patient.''* Postmortem examinations 
show a characteristic central necrosis of the liver lobules, congestion 
of blood in this locality, replacement fibrosis of the liver, and enlarge- 
ment of the spleen.'-* Enlargement of the liver is due to engorgement, 
the organ being actually smaller than normal when the blood has been 
removed.' 

Hepatic vein obstruction appears Avith equal frequencj" in men and 
AAmmen ranging in age from 17 montlis (cited'®) to 70 years.'® Most 
cases (over 50% in Table 1) occur between the ages of 20 and 40 
years.®-'®-'® The disease may appear in the acute or the chronic form.'® 
The acute form'-®-®-®-®-®' is sudden in onset with obscure abdominal 
pain, nausea, Ammiting, abdominal guarding and shock,® folloAved by 
ascites, tenderness and enlargement of the liver and spleen, delirium, 
coma and death in 1 to 4 AA’^eeks. The chronic form is gradual in onset, 
AAoth indigestion, epigastric pain, ascites and tender enlargement of 
the liA'er, collateral circulation, cyanosis, rarely jaundice; with eventual 
coma, delirium and death— often within 6 months, sometimes after 
several years.'®-*'*-®®-®®-®'* Cases Avith prolonged survival reported w-ith- 
out autopsy'® are open to question, although life is possible in the 
presence of limited thrombosis of the hepatic vein Avith incomplete 
occlusion of the Amin, early recanalization, or the development of 
adequate collateral circulation. Symptoms may not appear until 
hepatic Amin occlusion is almost complete.'® 

Pain OAmr the liver, sometimes radiating to the back and shoulders, 
rapid accumulation of ascites resistant to diuretics, simultaneous en- 
largement of a smooth-edged liver and spleen, development of a 
collateral circulation and edema of the legs suggest hepatic vein obstruc- 
tion. There may be signs of associated disease, notably infection or 
polycythemia vera, of Avhich hepatic vein thrombosis maA- be con- 
sidered a severe complication.®-* In several cases ascites has been 
associated Avith pleural fluid.'-'®-'® 

Jaundice and bilirubinuria are infrequent.'® There may be a Ioaa'- 
crcd plasma cholesterol Avith ab.sent ester fraction,’ ®' and an elevated 
blood urea.' 

The terminal episode is usually coma occasioned by hepatic insuffi- 
ciencA-, although there may be oliguria and acidosis'® and a state 
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approximating the so-called hepatorenal syndromed®-^* Sudden swell- 
ing of the liver and onset of acidosis, when fuiperimposed iipon signs 
of inferior vena cava obstruction, probaldy indicate occlusion of the 
hepatic veins 4® 

Hepatic vein obstruction is rarely diagnosed during life, as the 
clinical picture is that of portal vein obstruction and hepatic insuffi- 
ciency. Liver enlargement, iaundice and ascites are, however, more 
marked in hepatic than in portal vein obstruction collateral circula- 
tion tends to flow caudad in hepatic vein obstruction and cephalad 
in inferior vena cava obstruction and the smooth, tender liver and 
more rapid formation of ascites distinguish hepatic vein obstruction 
from cirrhosis. In its acute form, Chiari’s disease may be mistaken 
for a surgical emergency,® and the chronic form has been closely 
simulated by primary tumor of the inferior vena cava without hepatic 
vein involvement.” 

No method of treatment has been suggested; patients have died 
shortly after attempts at omentopexy®^’®® and after other opera- 
tions. 

Almost 60 instances of this disease have now appeared in the litera- 
ture, but the cases are still isolated, and more frequent reports may be 
expected to follow more careful routine postmortem examination of 
the hepatic veins.®-” Only 5 instances of hepatic vein thrombosis have 
been found among the 11,979 autopsies done by members of the Stan- 
ford Department of Pathology since 1898, an incidence of 0.042%. 
These 5 cases are described below; the most recent, about which more 
details are available, is set forth at greater length. 

Case Reports. Case 1. J. H., a 28 year old Mexican, entered the hospital 
on October 27, 1926, after 5 days of fever, cough, pleurisy, abdominal pain 
and constipation. The pain in the abdomen had begun gradually in the epi- 
gastrium and right upper quadrant and the abdomen had rapidly enlarged. 

Physical examination showed a blood pressure of 92/66, the pulse was 100 
to 140 per minute, and the respirations 28 to 35 per minute. There was a 
bilateral bronchopneumonia. The abdomen was greatly enlarged and tender 
in the right upper quadrant and there was marked enlargement of the liver. 

The red blood cells numbered 4.8 million with 85% hemoglobin and 15,000 
white blood cells (83% neutrophils). The urine contained many hyaline 
casts. The Wassermann test was negative. The spinal fluid was under 
normal pressure and gave a negative Pandy reaction. 

The patient died 4 days after entry. 

Postmortem examination (30-46) revealed 250 cc. of slightly turbid dark 
yellow fluid in the abdomen. The liver was enlarged and adherent to the 
diaphragm, beneath which lay an abscess filled with thick creamy pus and 
1.5 cm. in diameter. Fibrous tissue connected this abscess with a second 
abscess which lay -within the substance of the liver and measured 4 cm. in 
diameter. _ There were recent thrombi in many small and several large hepatic 
veins. Histologic examination showed the liver to be hyperemic and edema- 
tous. Cultures taken from the abscesses grew Hiss-Russell dysentery bacilli, 
B. coli, and non-hemolytic streptococci. No amebse were found. 

Case 2.— P. R., a 56 year old white male, entered the hospital November 20, 
1934, because of an epigastric mass of 1 month’s duration. A duodenal ulcer 
has been diagnosed by Roentgen ray in 1926 and the patient had obtained 
some relief with diet. 

_ Physical examination showed an emaciated man with an easily palpable 
u-vcgulav epigastric mass. The lymph nodes were not enlarged. 
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The blood and urine were not remarkable in 1933 Init the hemoglobin fell 
to 51% in Decemljer, 1934, and 30% in February, 1935, when the serum pro- 
teins were 4.2 gin. per 100 eo. (albumin 2.(1 gin., globulin 1.(1 gm.). I’lie 
jjatient became i)rogre.ssivcly weaker, developed edema of the extreiiiitie.s and 
died on March 1, 1935. 

Postmortem examination (38-245) showed a scaphoid abdomen which con- 
tained 1000 cc. of slight^ turbid blood-tinged fluid. An e.\tensive, ulcerated 
carcinoma encircled the pylorus of the stomach and extended into the pan- 
creas, omentum, adrenals and liver. The left main branch of the hepatic vein 
contained a laminated antemortem thrombus. 

Case 3. F. G., a 55 year old Chilean male, entered the hos])ital on Ajn-il 25, 
1936. The patient had for years taken daily a quart of wine; in 1906 he had 
noted a penile sore. In 1928 he vomited 500 cc. of blood, and in 1932 his 
abdomen became distended and he required a number of paracenteses. Physi- 
cal examination in 1932 showed a blood pressure of 112/70. There were 
telangiectases on the nose; the pupils were slightly irregular. The heart and 
lungs were not remarkable but the abdomen was distended and presented a 
fluid wave. Liver dullness extended 5 cm. below the right costal margin, and 
a firm smooth spleen was palpable 3 cm. below the left costal margin. There 
were a few dilated veins on the aiidomen. Four thousand cc. of yellow fluid 
were withdrawn. 

The white blood cell count ranged from 2100 to 7000 with a 48% lympho- 
cytosis. The urine was negative. A blood Wassermann was positive in 1932 
and 1934. The spinal fluid was Wassei-mann-negative with a Lange curve of 
1112211000. The Takata-Ara test was negative. 

The patient was given liver, insulin and antiluetic treatment. After May, 
1935, his ascites seemed to re.spond to mercurial diuretics, and he remained in 
fair health in spite of small hematemeses until April, 1936, when he suddenly 
vomited 1500 cc. of blood. He was admitted to the hospital in extremis, the 
spleen was palpable 3 cm. below the left costal margin and there was shifting 
dullness in the flanks. The patient died 2 days later. 

Postmortem examination (39-426) showed no free fluid in the peritoneal 
ca^^ty. The liver Avas small. The spleen was large and covered Avith adhe- 
sions. Large collateral veins (considered at the time to be congenital mal- 
formation.s) passed from the spleen to the left kidney, abdominal wall, and 
diaphragm. The esophagus contained large varicose veins, several of which 
were perforated. The portal vein Avas filled Avith organizing thrombus and 
the right and left hepatic veins Avere thrombosed, the thrombi containing one 
or tAvo small vessels. More peripherally, thrombi extended into the splenic, 
gastric and superior and inferior mesenteric A’eins and could be folloAved out 
to the smallest omental A-^eins. The'lh'^er AA^as not remarkable histologically. 

Case 4. H. D., a 34 year old white male, entered the hospital on October 15, 
1938, after 1 month of Aveakness, malaise and throbbing pain in the left upper 
quadrant. An operation 6 days later disclosed a hypernephroma on the left 
Avith extension of tumor into the left renal vein. The kidney Avas remoA'ed 
and the patient left the hospital in 3 Aveeks, feeling Avell except for moderate 
chest pain and Avheezing. (jhest and bone Roentgen rays, taken at intervals, 
Avere negatiA^e until October, 1939, Avheu ’there Avere small nodular metastases 
in both lungs. These did not re.spond to irradiation. In February, 1940, 
the liver Avas enlarged, and 1 month later fluid Avas present in the chest and 
abdomen. The superficial abdominal A'eins Averc prominent. The patient 
became icteric, failed rapidly and died on April 20, 1940. 

Postmortem examination (OD-177) shoAA-ed 1000 cc. of slightly bloody, semi- 
gelatinous fluid in the abdomen. ThediA^er Avas large and contained 2 large 
tumor nodules. The entire inferior vena'cava from the leA^el of the renal veins 
to the right auricle Avas filled Avith soft, pale yelloAV to green, friable tumor. 
All of the branches of the hepatic A^ein close to and entering the inferior A'ena 
caA^a contained tumor, and on section cA’^en the smallest branches Avere throm- 
bosed. 


ARAISTRONG, CARNES: OBSTRUCTION OF THE HEPATIC VEINS 475 

Histologic examination of the liver showed that the central vein and the 
sinuses of the central two-thirds of almost all the lobules were filled with blood 
and the liver cells in this area were; atrophic' or dead. The radicals of the 
hepatic vein were filled with organizing thrombus; fibroblasts were growing 
in from the periphery. ■ toi 

Case 5.— Mrs. M. McD., a 40 year -old English housewife, entered the 
hospital on February 15, 1937, after several years of low back pain, abdominal 
pain and dysuria. The patient had borne 2 living children, had once aborted 
spontaneously and thrice herself induced abortions. There was no history of 
alcoholism, and the family and past history were unimportant save for the 
fact that a positive Wassermann had been discovered in 1930 when her husband 
had a penile chancre. The patient received about 7 intramuscular injections 
over a 3 month period, then failed to return for treatment. 


Tabi.b 2.— Labor-vtohy Data (Mbs. McD.) from 1937 to 1942 
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* 10 gm. 

t 17,3 gm. 

Explanatory notes: MCV — Moan Corpuscular Volume in cu. micra (normal SO-94). 
MCHC — Mean Corpuscular Hemoglobin Concentration in micromicrograms (normal 
27-32) . MCHbC — Mean Corpuscular Hemoglobin Content in per cent (normal 33-38) . 

Physical examination revealed only relaxation of the pelvic floor, old lacera- 
tions of the cervix, and chronic certdcitis. The blood pressure was 120/90; 
no organs or masses were palpable in the abdomen. The blood and urine 
were normal; the blood Wassermann was strongly positive. Cervical smears 
showed no gonococci. 

A trachelorrhaphy and perineorrhaphy were done; the patient recovered and 
she was discharged, failing to return to the syphilis clinic as directed. 

The abdomen was not found to be remarkable in August, 1940, when the 
patient entered the hospital for treatment of pelvic inflammatory disease. 
On this entry, the blood Wassermann was negative, although the patient 
remembered only 1 or 2 intravenous injections since 1937. On August 21, 
1940, a lumlrar puncture yielded a clear colorless fluid without cells. The 
total inotein was 33.4 mg. iior 100 cc., and there was a strongly po.sitiAm 
Wassermaim reaction with 0.1 cc. of spinal fluid. Tlie colloidal gold curve 
was 5555421100. 

On May 12, 1941, there was no clinical exndence of syphilis; but now the 
blood jn-essure was 1 (10/90. The liver de.scended 1 cm., and the sjrleen 3 cm. 
below the costal margin. During the following period from May 25, 1941, 
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until June 19, 1943, the patient received irregular treatments consisting of 
26 injections of a bismuth compound, 12 injections of Mapharsen, and 3 of 
silver arsphenamine. Following these injections she occasionally had chills and 
fever and jaundice without other signs of toxicity. 

The patient entered the hospital for the last time on July 5, 1943. In the 
preceding 2 months she had had 3 spells of indigestion lasting about a week. 
She had not vomited or been icteric but had passed a tarry stool 1 week before 
entry. Five days before entry she noticed a swelling of her abdomen and 
2 days later the onset of constant upper abdominal pain, perhaps associated 
with a darker color of the urine. There had been no change in weight. 

Physical examination showed a flushed, sick-looking, slightly icteric woman. 
There were no spider angiomata. The heart and lungs were not remarkable; 
the blood pressure was 150/110. The abdomen was tense and protuberant 
with a definite fluid wave. The liver was tender, smooth and firm and de- 
scended 1 cm. below the costal margin; the spleen 4 cm. The surface veins 
of the lower abdomen were full, but no collateral circulation had lieen estab- 
lished. 

The blood counts upon this and the previous entries are entered in Tabic 2. 
The urine, stool and Wassermann examinations were not abnormal. A 
van den Bergh test was positive in the direct phase with an indirect value of 
2.2 units. The icterus index was 17. The sedimentation rate was 18 mm. 
in 1 hour (Wintrobe), and the packed cell volume was 53%. The serum pro- 
tein (Kagan) was 6.1 gm. per 100 cc.; the bleeding and coagulation time and 
the prothrombin time were normal. A bromsulphalein test showed 100% 
retention in 5 minutes and 80% retention in 45 minutes. After injection of 
Congo red, 60% of the dye was recovered from the plasma in 30 minutes, 
71% ini hour. 

A chest fil m showed elevated diaphragm on both sides and an old interlobar 
pleurisy on the right; the heart shadow was not remarkable. A barium meal 
revealed a normal esophagus, stomach and duodenal cap. 

The gastric contents were normal in volume and acidity. The spinal fluid 
contained 6 lymphocytes, 23.8 rag. of protein per 100 cc. showed a 5555321000 
colloidal gold curve and a positive Wassermann reaction with 0.5 cc. of spinal 
fluid. Electrocardiograms demonstrated a left axis deviation, a small Tj and 
an inverted Tj. 

On the 5th and 14th hospital days 2200 cc. and 4400 cc. of yellow-orange 
ascitic fluid were removed. The specific gra^^ty of this fluid was 1.010, cul- 
tures were negative, and the sediment contained a few lymphoid and poly- 
morphonuclear cells in equal proportions. 

Careful study of a blood film showed 0.4% reticulocytes, some variation 
in the size and shape of the red blood cells, and an occasional normoblast and 
myelocyte with a shift toward nuclear immaturity. Sternal marrow puncture 
material showed (Dr. H. A. Wyckoff): “Normoblasts and megaloblasts of 
the pronormoblastic tj-^pe .... relatively increased in numbers. • • ; • mye- 
loblastic cells — somewhat more than usually numerous. These relationships 
together with rather more than usually numerous mitotic figures suggest hyper- 
plasia of the marrow with especially active multiplication of erythroblastic 
cells of the normal series type.” 

On the 20th hospital day the patient complained of weakness; 2 days later 
she became much weaker and more listless, a blood sugar was 108.7 mg. per 
100 cc. Four hours later her respiration became slow and difficult, her pulse 
slow and full. She was covered wth perspiration, became delirious, then 
comatose, and died in spite of supportive measures. 

Postmortem examination (2D-216) showed a distended abdomen containing 
2200 cc. of clear yellow fluid. The liver extended 3 cm. below the costal 
margin. The peritoneal surfaces were smooth and glistening, but the gall 
bladder, pelvic organs and spleen were involved by adhesions. These adhesions 
and the peritoneal surfaces were extremely vascular. 

The thoracic c.avity containerl no appreciable free fluid. There were collec- 
tions of inflammatory cells in the myocardium suggestive of an acute localized 



AliaiSTRONG, CARNES : OBSTRUCTION OF THE HEPATIC VEINS 477 

myocarditis. There was edema of the lungs which contained many recently 
infarcted areas. No esophageal varices were found. 

Histologic examination of the spleen and liver showed numerous scattered 
small islands of hematopoiesis. Sections of the main hepatic veins near their 
emergence into the vena cava showed an almost complete obliteration by 
organizing thrombi with some degree of recanalization at their niargins. The 
vein walls were not abnormal and contained no preexisting intimal plaques. 
There was a slight lymphocytic infiltration of the walls and an increased 
vascularity of the adventitia. Other hepatic veins deeper in the liver were 
occluded by old partial^ recanalized thrombi and throughout the liver most 
of the lobules showed necrosis of the central liver cells and dilatation of the 
central liver sinusoids. A section of the intrahepatic portion of the inferior 
vena cava was not remarkable except for a small intimal plaque which appeared 
to be an advanced stage in the organization of a thrombus. Similar plaques 
were found in the portal and splenic veins and even in a small vein of the 
pancreas. 

No S3’^philitic le.sions were found, even in the central nervous system. 

Discussion. These cases illustrate several clinical and pathologic 
types of hepatic vein thrombosis. In Case 1, infection was a predis- 
posing factor. In Case 2, the thrombosis was associated with meta- 
static gastric carcinoma, and in Case 4 ivith the typical dissemination 
of hypernephroma along the inferior vena cava. In Cases 1, 2 and 4 
thrombosis was unimportant as a cause of death and probably occurred 
just before the patient expired. 

Cases 3 and 5 had hepatic vein thrombi which showed recanalization, 
and each patient had established some collateral circulation. In 
Case 3 thrombosis may have occurred 4 years before death, yet the 
restoration of blood flow was such that the patient survived to die of 
esophageal hemorrhage. 

Case 5 developed thrombi in the portal and hepatic venous systems 
over an unknown length of time. The enlarged liver and spleen 
■ 14 months before the final episode, and the indigestion, ascites and 
abdominal pain 4 months before death presumably indicate episodes 
of hepatic vein thrombosis. These thrombi eventually led to hepatic 
insufficiency. No esophageal varices developed although the passive 
hyperemia of the liver was extreme. 

Long-standing and inadequately treated syphilis seemed to have no 
etiologic significance in Cases 3 and 5. 

Only Case 5 exhibited polycythemia; and, although in this patient 
the red blood counts were slightly elevated for several years, the bone 
marrow was hyperplastic and there w^as extramedullary hematopoiesis 
in the liver and spleen. Still the evidence for polycythemia vera is 
much less striking than in the majority of cases with both polycythemia 
and hepatic vein thrombosis. 

Summary. Five cases of obstruction of the hepatic veins (Chiari’s 
disease) are reported with autopsy findings. The literature is re- 
viewed and cases of this condition reported since 1920 are gathered in 
a tabular synopsis. The diagnosis is rarely made during life. It 
should be considered in any patient with progressive tender enlarge- 
ment of the liver and spleen accompanied by ascites and abdominal 
pain. 
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MENINGOCOCCAL INFECTION 
I. Meningococcal Meningitis and Septicemia 
By Lt.-Col. Eakl R. Denny, ]M.C., A.U.S. 

C.vpt. R. G. Bausch, M.C., A.U.S. 

AND 

C.\pt. M. a. Turnek, ]\LC., A.U.S. 

CHICAGO. ILI.. 

(From the Gardiner General Hospital) 

Significant changes in the treatment of meningococcal infections 
have been brought to the attention of most medical officers who haiT 
been on duty in station hospitals in the United States during the past 
year. As the result of a number of epidemics of meningococcal menin- 
gitis of sizeable proportions since 1938, several reports'"^ on the use of 
sulfonamides as the sole therapeutic agents have appeared in the 
literature. Their use was further emphasized by War Department 
Circular No. 17, dated 23 February 1942 issued by the Surgeon General s 
Office. Data accumulated from a variety of sources— (1) pensonai 
communications from members of the Prei'entive Medicine Division 
of the Surgeon General’s Office, (2) from the Medical Consultant of 
the Sixth Service Command, (3) from Chiefs of the INIedical Services 
of other Station Hospitals, and (4) from rejiorts in the literature 
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indicate that sulfadiazine and its sodium salt is the drug of choice 
hecause of its high degree of therapeutic efficiency, its low toxicity, 
and the infrequency with whicli coinplications appear after its use. 
Our own experience Avith 61 cases seen and treated at this Station 
Hospital bears out these obserA’ations and serves as the basis for this 
report. 

Epidemiology. Between December 12, 1942 and July 29, 1943, 61 
ca.ses of meningococcal infection were admitted to the Station Hospital, 
('amp hlcC'oy, Wis.; 58 of these patients were soldiers and 3 were 
civilians. Epidemiologic factors were in accord with those usually 



Chaiit 1.— Gases of acute respiratory infection and moninKococcal infection admitted to 

liospital per tnontli. 


recorded: (1) there was no evidence of cross-infection because in no 
instance did more than one case appear in a single barracks or com- 
pany; (2) 82% of the soldier-patients Avere raAv recruits; their average 
age Avas 23 years and their average time of service Avas 2.7 months; 
(3) there had been unusual exposure to severe Aveather conditions in 
many instances; (4) there Avas a degree of oA'^ercroAvding, impaired 
ventilation, and increased fatigue. A survey for meningococcus 
carriers Avas deemed impractical because of lack of adequate laboratory 
bieilities, nor Avas it believed that such a survey would serve any 
useful purpose. Sixty to 70 %* of the population has been found to 



Table 1 . — Summary of 53 Gases op Meningococcal Meningitis 
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j Definite rigor or recurrent chilly sensations. 

§ Average. 

^ Percentage of cases showing respiratory rate above 20. 
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carry the meningococcus at the peak of an epidemic and the premise 
that the elimination of the carrier would terminate an epidemic is 
entirely theoretical and impractical to effect. 

Late in November, 1942 an epidemic of acute respiratory infection 
had its inception and reached its peak in December, 1942 and the 
first 3 weeks in January, 1943. The terminal phase of this peak of 
case incidence coincided with the onset of the meningitis epidemic 
as indicated in Chart 1. From these observations it seems probable 
that there was a close association between the epidemic of upper 
respiratory infection and the epidemic of meningococcal infection. 
This is contrary to the belief of many epidemiologsts. 

Clinical Aspects. The clinical picture presented by patients suffering 
from meningococcal infections is protean and varies from one of an 
overwhelming generalized sepsis with collapse, associated with the 
Waterhouse-Friderichsen syndrome, to that of a mild evanescent type 
of infection associated "ftith generalized aching, slight aching, slight 
fever, a few skin lesions, and with bacteremia. As a result of the differ- 
ences in the clinical features, we have elected to divide our cases as 
follows; (1) the acute meningococcal septicemia with meningitis 
(51 cases), (2) acute meningococcal septicemia without meningitis 
(2 cases) and (3) acute evanescent meningococcemia (8 cases). The 
last group of cases in contrast to the aforementioned fulminating 
tj’pes are exceedingly mild, and are, as will be shown in another paper, 
self-limited. It is our opinion from a review of the literature on 
epidemic cerebrospinal meningitis that the features of those cases with 
evanescent meningococcal bacteremia have not been sufficiently 
emphasized. 

It is not within the scope of this paper to discuss the signs and 
symptoms of meningococcal meningitis in detail, however, the essential 
findings at the time of admission in the cases herein reported are 
tabulated in Table 1. All of the commonly described signs and symp- 
toms were observed; and, in addition, there was encountered Avith a 
striking degree of frequency a sign A\Lich the authors haA^e not hereto- 
fore seen included in textbooks nor in treatises relating to this disease. 
In almost all cases (53 of the 61) there appeared an unusual increase in 
the respiratory rate. In fact, tachypnea introduced a confusing situ- 
ation in a few cases, without cAudence of marked meningeal irritation, 
in that when it was associated Avith feA'^er, chill, mild headache, and 
leukocytosis, pneumonia As'as simulated. There was no relationship 
betAveen the height of the temperature and the respiratory rate, since 
of 10 cases admitted Avith an aA^erage temperature of 98.2, the aA'^erage 
respiratory rate was 24.6 per minute. 

In this series of 61 cases, at the time of admission, signs and sj^mp- 
toms were obserA^ed (see p. 483) in the 51 cases of acute meningococcal 
septicemia with meningitis and 2 cases of acute meningococcal septi- 
cemia without meningitis; 

The laboratory data are presented in Table 2. Although menin- 
gococci may be recoA’^ered from the nasopharynx, the blood, or from 
the spinal fluid at the onset of meningitis, our bacteriologic study did 
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not include examination of specimens obtained from the nasopharynx. 
Of the 51 cases of meningitis, the cerebrospinal fluid was cloudy on 
admission in 47 cases. In patients Nos. 15, 22, 40, and 42 the spinal 
fluid contained 64, 22, 8, and 10 cells respectively on admission, but 
became grossly cloudy and contained 11,700, 14,200, 12,400 and 1,750 
cells respectively on the 2nd hospital day. Gram-negative intra- 
cellular diplococci were demonstrated in stained smears of the cerebro- 
spinal fluid in 36 cases, or 71% of those in which lumbar punctures 
were made. From the cerebrospinal fluid, positive cultures of Neisseria 
iniracelhdaris were obtained in 33 cases, a percentage rate of 65. The 
blood culture was positive in 28 cases (53%) of the patients with 
meningitis. With direct smear of the spinal fluid, culture of the spinal 
fluid and the blood culture, laboratory confirmation of meningococcal 
infection was obtained in 47 cases (90%). In 28 instances meningo- 
cocci were identified as Type 1. In one case Type 2A was present. 

Signs and SYweroMS Observed 
(The respiratory rate was not recorded in 2 oases) 


No. of cases 

Tachypnea 47 

Headache 45 

Chill (or chilly sensation) 31 

Generalized aching 40 

Vomiting 38 

Arthralgia 13 

Nuchal rigidity 46 

Positive Kernig 36 

Restlessness 21 

Apathy 14 

Coma or semi-coma 14 

Delirium 4 

Petechice 32 

Purpura 4 


In view of the fact that demonstration of the organism has been 
possible in 90% of our cases, a brief description of the cultural methods 
utilized seems indicated. Details of the method will be published 
elsewhere.® 

Blood Culture. Ten cc. of the patient’s blood is added to 150 cc. of 
sterile trj^itose phosphate broth. The inoculated flasks are incubated 
at 37° C. and are observed at intervals for bacterial growth for at 
least 2 weeks. On occasion, growth has been noted for the first time 
after 2 weeks. 

Spinal Fluid Ctdture. (a) Spinal fluid is inoculated on chocolate 
blood agar plates, placed in an atmosphere of 10% carbon dioxide 
and incubated at 37° C. for from 1 to 2 days. (6) One ec. of spinal 
fluid is added to 10 cc. of sterile Bacto-Tryptose-Phosphate broth, 
(c) One cc. of spinal fluid is added to modified Tryptose-Maltose- 
Carbonate broth. The inoculated tubes are incubated at 37° C. in an 
atmosphere of 10% carbon dioxide for 1 to 2 days and are observed 
for bacterial growth. 

It is imperati^^e that both the blood and spinal fluid be immediately 
inoculated into the culture media at the bedside. 



Table 2. — Summary or Findings in 53 Cases of Meningococcal Meningitis* 
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polys on lumbnr puncture on second liospital day respectively. 
§ 3 infants on w!)om sulfadiazine levels were not done. 
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Para-amino-benzoic acid was used for the purpose of inhiluting the 
action of the sulfadiazine Avhen it had been used in 2 cases prior to 
obtaining blood and spinal fluid for culture. ITowe^'er, no growth 
resulted. 

Diagnostic Procedure and Treatment. All patients suffering from 
meningococcal infections should be considered as potentially seriously 
ill. In order to obviate confusion resulting from a swiftly changing 
personnel and assist ward officers newly arrived and, therefore, un- 
familiar with the hospital routine in dealing with patients suspected 
of suffering from meningococcal infection, the following outline was 
prepared : 

1 . Notify the laboratory that a specimen of cerebros])inal llnid is to 
be withdrawn by lumbar jmneture. The laboratory furnishes: 

(a) 1 sterile glass tube with cotton sto])]ier 

(b) 1 tube of sterile Bacto-Tryptose-Phosphate broth 

(c) 1 tube of modified Tryptose-Maltose-Carbonatc broth 

(d) 1 chocolate blood agar plate 

(c) 1 flask of Bacto-Tryptose-Phosphate l)roth for blood culture 
If the patient has received any sulfonamide the laboratory is notifiefl 
in order that it should furnish media to which has been added para- 
amino-benzoic acid. 

2. Complete blood count is requested. 

3. Urine specimen to be obtained if patient can void. 

4. Directions for lumbar puncture. This jjroccdure will not be 
initiated until the specimen tubes and media arrive from the laboratory. 
Strict surgical asepsis will be carried out. The fluid will be permitted 
to escape slowly. Allow 10 to 15 drops to fall directly into each of the 
2 test tubes containing the broth media, 5 drops on the blood agar 
plate and about 5 cc. into the empty sterile test tube. 

If the spinal fluid is cloudy, or if in the opinion of the medical officer 
the patient is suffering from a meningococcal septicemia, the following 
therapeutic procedure will lie immediately instituted; 

5. Five gm. of sodium sulfadiazine are dissolved in 100 cc. of sterile 
distilled water and injected slowly intravenously, using a salvarsan 
set. If the patient is uneonscious a second 5 gm. of sodium sulfadiazine 
will be given 8 hours later. 

6. Sulfadiazine, 2 gm. every 4 houi's. Start the oral medication 
upon completion of the injection of sodium sulfadiazine. 

7. One hour after the administration of sodium sulfadiazine 1000 cc. 
of 5% glucose in physiologic salt solution will be given intrai^■enously. 

8. Sufficient fluid intake by mouth or/and intravenously will be 
administered to secure a minimum daily output of urine of 1500 cc. 

9. For 5 days daily determinations of the blood concentration of 
sulfadiazine will be made and every 48 hours thereafter as long as the 
patient is receiving the drug. 

10. 'S^Tiite blood counts and differential counts will be made every 
other day as long as the patient is receiving the drug and twice weekly 
throughout the period of hospitalization. 
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11. The blood concentration of sulfadiazine will be maintained at a 
level of 12 mg. per 100 cc. for 5 days. 

12. Urinalysis will he made every 2nd day. 

13. A culture of the nasopharynx for meningococci will be made 
3 days prior to the expected date of discharge. 

Sulfadiazine and sodium sulfadiazine were the sole chemotherapeutic 
agents used in all cases with the exception of Cases 12, 14, and 15, 
which were given in addition to chemotherapy, 30 cc., 30 cc., and 
90 cc. of polyvalent meningococcus antiserum, respectively. It was 
believed that no favorable response resulted from the use of anti- 
serum in Cases 12 and 14 and in Case 15 the response was equivocal. 

Sulfadiazine and its sodium salt appeared to effect a cure in all cases. 
Both drugs were used in all cases with the exception of the 3 infants. 
The initial intravenous dose of sodium sulfadiazine was 5 gm. and the 
average total dose of this drug was 10.01 gm. Fourteen of the cases 
received only 5 gm. but 11 required 15 gm. or more because of per- 
sistent vomiting or the failure of the sulfadiazine blood level to rise 
adequately early in the course of the disease. The total amount of 
sulfadiazine administered orally varied considerabljL The average 
total dose was 62.5 gm.; the minimal amount was 40 gm. and the 
maximal amount was 120 gm. Our observations lead us to believe 
that most of the cases had practically recovered by the 6th hospital 
day. The study by Banks^ of spinal fluid taken 12, 24, and 48 hours 
after the diagnostic puncture, demonstrated that bacteriostasis was 
effected in 24 hours, that phagocytosis of free organisms had taken 
place and that within 48 hours the process of absorption of the exudate 
was well advanced when sulfathiazole was used. In view of these 
observations and in the light of our own clinical observations, an 
analysis of the amount of sulfadiazine and its sodium salt given and the 
sulfadiazine blood level determinations during the first 5 hospital days 
seems Avarranted. The amount of sodium sulfadiazine has already 
been noted and these figures Avill not be repeated since all of this drug 
was administered during the first 5 days of hospitalization. The 
amount of sulfadiazine given orally A'aried from 24 gm. to 66 gm., 
Avith an aA^erage amount of 44.6 gm. HoAvever, the minimum total 
amount of sulfadiazine and its sodium salt was 38 gm., the maximum 
AA^as 75.5 gm. and the average Avas 55.7 gm. during the first 5 days of 
treatment. The blood sulfadiazine leA’-el AA'^as obtained almost daily 
for 5 days on all cases. In some instances Avhen the blood level was 
unusuall5’' high or low, a second determination was made the same day. 
The loAA^est average blood level AA^as in Case 2, 9.2 mg. per 100 cc.; 
the maximum AA^as in Case 1, 24.1 mg.; and the average for the first 
5 day period for all cases was 15.2 mg. The total number of days of 
treatment varied from 5 to 17; in 62% of the cases the therapy was 
giA^en for a period of 10 days or less. The average for all cases was 
10 days. 

Only 1 serious complication, namely agranulocytosis, was encoun- 
tered_ as a result of sulfadiazine therapy. This occurred, perhaps by 
coincidence, in Case 10, aaFo had receh’-ed the largest dose of sulfadia- 
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zine of any patient in this series. The white blood count fell from 4600 
on the 15th hospital day to 1050 Avith only S neutrophils on flic 19th 
hospital day. However, improvenicnt befjan 5 days later and he made 
a slow recovery following the use of lilood transfusions, pentnucleotide 
and adenine sulfate. 

Hematuria Avas noted in 53% of the cases, the cause of AA’hich Avas 
attributed to the large doses of sulfadiazine. HowcA-er, gross hema- 
turia Avas noted in only 3 cases and in no instance did anuria or other 
serious renal complications occur. Sulfacrystalluria Avas observed in 
9 cases. 

The sjTnptomatic treatment did not vary from that Avhich has been 
recommended by others Avith the exception that Ave haA'e used morphine 
rather freely for the control of scAmre headache and extreme rest- 
lessness AA'hen bromide and chloral or barbiturates did not succeed 
in controlling these symptoms. 

We encountered 2 patients in A\-hom acute meningococcal purulent 
arthritis AA^as a complication. This complication Avill be dealt Avith 
in another communication. 

Discussion. Factors that are responsible for conAmrting the carrier 
into the disease state are still unknoAvn. HoAvever, it is interesting to 
note that in 68% of our cases, a history of an antecedent upper respira- 
tory infection Avas present and that the onset of the meningitis epidemic 
folloAved the peak of a severe epidemic of upper respiratory infection. 
It is obAdous that the disease is not highly contagious, since in no in- 
stance Avas there evidence of cross-infection. 

Although it is customary and required to assess the severity of the 
disease at the time of admission, Ave feel strongly that every case 
should be regarded as potentially seriously ill. The picture of a 
“mild” case of meningococcal meningitis characterized by headache, 
slight fcAmr, generalized aching, and nuchal rigidity in an individual 
AA'ho does not appear severely ill can change so rapidly into a comatose 
or semi-comatose patient Avith generalized purpura, convulsions, and 
extreme collapse that an evaluation of their status at the time of 
admission is of no consequence. 

On admission the clinical features of meningitis Avere similar in most 
cases and occurred in the course of, or folloAving, an acute respiratory 
infection. Notable exceptions AA'ere in the folloAving: Patient 52 
complained of left lumbar pain of such seAmrity that he Avas surA^eyed 
temporarily, but briefly, on the urologic service for a suspected urinary 
calculus. The chief complaint of Patient 8 Avas severe epistaxis, 
and in Patient .34 the SAVollen, painful joints Avere conspicuous features. 
The coexistence of contagious diseases is rare, but in Patient 48 
meningitis and mumps Avith probably mumps encephalitis occurred. 
On admission he had seA'ere bitemporal headache and nausea for 
36 hours; except for pharyngeal mucosal injection and suggestive 
nuchal rigidity, the physical examination was negatiA^e. The AA'hite 
blood cells numbered 11,000 with 78% neutrophils. On lumbar punc- 
ture the cerebrospinal fluid Avas grossly clear but contained 570 Avhite 
blood cells with 50 % neutrophils and 50 % lymphocytes. The folloAving 


DENNY, BAUSCII, TURNER: MENINGOCOCCAL INFECTION 4SIJ 

inoruing bilateral parotitis developed. At this time a second lumbar 
puncture was done. The spinal fluid contained 232 white blood cells, 
77% of Avhich were neutrophils. This case occurred during a period 
when mumps Avas prevalent. That mumps encephalitis coexisted 
in this patient seems highly probable in view of the fact that the 
differential spinal fluid count showed 50% lymphocytes, an observa- 
tion noted in only 1 other apparently uncomplicated case. For- 
tunately, a stained smear of the spinal fluid on admission was positive 
for gram-negatiA^e intracellular diplococci. 

A study of these 53 cases, together A\uth the 8 cases of evanescent 
meningococcal bacteremia to be reported elsewhere, makes it eAudent 
that the pathologic evolution of the disease is characterized by an 
initial infection in the nasopharynx folloAving AA^hich the organisms 
migrate to the blood stream. From the blood, invasion of the tissues 
results. That meningitis is not an invariable occurrence as a sequel 
to meningococcal bacteremia is evident, since in 4 of the aforementioned 
8 cases the etiologic agent Avas not discovered for from 3 to 6 days 
following the time of admission and at the time the patients Avere 
recoA'^ering from their untreated bacteremic disease. Although the 
symptoms and findings in the nervous system tend to obscure other 
focal manifestations of septicemia, more emphasis should be placed 
on the latter to facilitate earlier recognition and the institution of 
treatment before meningitis ensues. 

No time should be lost in instituting immediate chemotherapy 
in large doses. From the reports in the literature, aa'c haA'e the im- 
pression that many of our cases could have been successfully treated by 
giving the drug by the oral method Avithout resorting to the intra- 
A’’enous method. NeA'^ertheless, there are many adA'antages in initiating 
the therapy by the intraAi-enous method. A feAV hours of A'-aluable 
time is gained since it is noAV generally accepted that the drug given 
by mouth is absorbed rather sloA\dy and is not folloAved by a rapid rise 
of the drug content in the blood. The importance of obtaining a high 
blood level of sulfadiazine early in the course of treatment of pneu- 
monia has been 'clearly shoAvn.® To obtain a high blood level quickly, 
requires the use of sodium sulfadiazine administered intravenously. 
The aA^erage sulfadiazine blood leA’^el taken Avithin 8 to 12 hours folloAV- 
ing the intravenous injection of 5 gm. of sodium sulfadiazine and a 
variable amount of peroral sulfadiazine (from 2 to 6 gm.) Avas 13.3 mg. 
per 100 cc. The results obtained Avith the combined intravenous 
use of sodium sulfadiazine and the peroral use of sulfadiazine have 
led us to conclude that this method is therapeutically effective and is 
the treatment of choice in meningococcal infections. 

Simmary and Conclusions. An epidemic of 01 meningococcal in- 
fections occurred folloAving a AvaA’^e of acute respiratory infections. 
The latter seemingly bore a direct relation to the onset and progress of 
the epidemic of meningococcal infections. Eighty-six per cent of the 
cases dcA'^eloped among raiv recruits. 

In 51 cases of acute meningococcal septicemia Avith meningitis and 
2 cases of acute' fulminating meningococcal .septicemia without men- 
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ingitis, all of the connnonly described signs and symptoms ^vere 
encountered, but in addition to these findings, tachypnea was noted in 
88% of the cases. 

The initial treatment should routinely consist of sodium sulfadiazine 
intravenously and repeated in those cases where the oral administration 
of sulfadiazine is not feasible. There were no fatalities among the 53 
cases reported in this series and the additional S cases of acute evanes- 
cent meningococcal bacteremia to be reported also survived. 
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BURN TRAUMA PRECIPITATING ACUTE LEUKEMIA OR A 
LEUKEMOID CONDITION 

By Major David Weiss, M.C., A.U.S. 

AND 

C.-vPT. Keith E. Haines, M.C., A.U.S. 

FORT TOTTEN, N. Y. 

(From the Station Hospital) 

The subject of the interrelationship of trauma to acute myelogenous 
leukemia poses an interesting problem. Recently, a patient under 
treatment on our surgical service for extensive burns suddenly pre- 
sented the picture of a blood dyscrasia, which terminated fatally. 

It is difficult to evaluate the wide variety of opinions of the factors 
involved in the possible etiology of acute leukemia. Before attempt- 
ing to do SQ, it is important to consider whether the disease is of infec- 
tious or neoplastic origin. MacCalliun” presented the view that acute 
leukemia has the appearance of an acute infectious process, wherein 
one finds hemorrhages, and necrotic and ulcerative stomatitis as a 
common occurrence. Sternberg"'' suggested that niyeloblastic leu- 
kemia be separated from the other leidvemias, and be regarded as 
]3urely infectious in nature; since the pathologic jiicture is so striking 
in similarity to infection, moreover some severe infectious cause the 
appearance of numbers of myeloblasts and myelocytes. HirsclU con- 
cluded that infection plays a major role in the etiology of all cases of 
acute leukemia. The basis for this belief is that acute myelogenous 
leukemia is associated with fever, toxemia, chills and other manifesta- 
tions of an infection. In addition, infections are often associated with 
this blood dj'serasia. 

Many maintain the opposite view. Piney^^ concluded that leukemia 
is a neoplasm. Dimmel,^ and likeAvise DeCastello,"* stated that the 
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leukemic process was not an infection and could not be identified witb 
sepsis. The feeling was that a process that spreads and involves other 
organs forming hematogenous raetastases cannot he regarded as hjTper- 
plastic but rather as neoplastic. Likewise, Cecil'* preferred that leu- 
kemia be catalogued in the category of neoplasias rather than that of 
infections, maintaining that it is a fatal invasive pathologic process. 
True, up to the present time, against the infectious theory for acute 
leukemia are the facts that no organism has been recovered, the disease 
has not been reproduced experimentally, and the disease has not been 
transmitted from one animal to another. 

It is evident from the foregoing that no conclusion as to the validity 
of either theory can be made. However, a number of authors have 
reported cases wherein the occurrence of trauma preceding the onset 
of leukemia has possibly been more than a coincidence. Rubnitz'® 
offered the possibility that splenic trauma may cause acute myelog- 
enous leukemia. Olovson’^^ collected 67 cases wherein leukemia oc- 
curred in association witlr trauma to the spleen and long bones. His 
discussion did not include cases of rupture of the spleen which were 
pathologic complications of leukemia. Lewson^® conceded that trauma 
to the hemolytopoietic organs does not always cause leukemia; but 
believed that in individuals with an inherent predisposition, leukemia 
may first appear following such trauma. The relationship seems 
analogous to that of special kinds of trauma in the production or 
stimulation of sarcomas and carcinomas. On the other hand, Ewing 
tended to exclude trauma as a possible causative factor in leukemia. 

Yaguda and Rosenthafi® have cited the criteria as set down by 
Liniger which would establish the corelationship between trauma and 
leukemia. In essence they do not differ from those proffered by 
Olovson; namely, that the individual must have been free of disease 
symptoms prior to the trauma, a suitable severe injury must have 
occurred, and a lag period must elapse between the injury and the 
disease. 

In the literature, apparently, trauma to the long bones with or with- 
out fracture, trauma to the spleen or splenic areas with or without 
rupture, or trauma which causes severe generalized body eoncussion, 
have been the only types of ti-auma suggested as possible etiologic 
factors in leukemia. The case we are reporting is one in which a 
picture quite similar to that of myelogenous leukemia appeared shortly 
after a severe cutaneous burn. 

Case Report. History of Present llhiess. A soldier, age 28, black, was 
admitted to the hospital on August 21, 1943. On the morning of admission, 
the soldier had lit a gasoline field stove preparatory to coofing breakfast. 
Tlie fiame was so excessive that he was unable to reach the valve to diminish it. 
When attempting to sprinlde sand on the burner, the gasoline tank of the 
stove exploded showering the soldier with burning gasoline. The blaze was 
smothered by vvapping him in blankets. 

Past and Family History. Past historj’- gave no indication of any previous 
physical abnormalities or hint of any disease process either acute or chronic. 
There was no contributorj^ famiR history, 

Phtjsical Examination. The soldier appeared his given age and was well 
developed and well nourished. He was in apparent shock on admission, which 
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was 1 hour after the accident. There was wide distribution of burned areas— 
second, third and fourth degree— of the forehead, face, both ears, both shoulders 
both forearms and hands, botlr lower extremities from ankles to groins. The 
estimated surface area of burn was calculated according to Berkow’s nuithotl', 
to be approximately between 55 and 60%. Pulse on admission was 120, and 
blood pressure 122 systolic and 72 diastolic. Other phj^sical findings were 
essentially negative. 

Laboratory Data. On admission, the blood count was normal, 4,800,000 
R.B.C., 85% hemoglobin, 12,000 W.B.C. (69% neutrophils, 25% lymphocytes 
and 6% monocytes). The hematocrit was 59% (Hayden’s method). Urin- 
alysis: specific gra'vuty of 1.028, amber color, acid reaction, an occasional 
R.B.C. Sedimentation rate was 1 mm. (Cutler). 

Treatment and Progress. Shock therapy was instituted in accordance with 
accepted authorities. One-half grain of morphine sulfate was administered 
hypodermically. During the first 24 hours 3000 cc. of plasma was infused. 
The burned areas were quickly and carefully d6brided under aseptic precau- 
tions. Within the second 24 hours, 1350 cc. of plasma and 3 cc. of adrenal 
cortex in divided doses was given, followed on the 3d daj’^ by 650 cc. plasma 
and 2 cc. adrenal cortex. The fluid intake per os was augmented by infusions 
of either glucose-saline or glucose-water combinations. 

The condition of patient was progi-essing satisfactorily. Sulfadiazine in 
small doses was administered as a precautionary measure against infection. 
The burned areas epithelized rapidly. The soldier was taking nourishment 
well and was mentally alert. 

CH.A.RT I. iLLUSTn.VTING PERIPHERAI, Bl.OOD PICTURE ON VARIOUS D.VYS OF lU.NESS 
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On the 8th day of his illness, there was a decided alteration in his blood 
picture (Chart I), though clinically his general condition seemed to be pro- 
gressing favorably. This was the initial indication that, _ regardless of his 
apparent improvement, something radical was occurring in his heinolytopoietic 
system. From the 9th daj'^ to his death on the 13th day, his condition rapidly 
deteriorated despite treatment. On the 11th day after admission the soldier 
was restless and desired to get out of bed. The following day he appeared 
brighter and more cooperative. During the morning of the day of his death, 
he became noisy and unmanageable, finally going into a coma 2 hours before 
termination. Several blood transfusions were given, but the reaction of the 
hemolytopoietic system was irreversible. The white cell count of the periph- 
eral circulation, prior to death, had reached a level of 137,800 (including 
4 myelocytes, 4 premyelocytes and 9 myeloblasts). Towards the end of the 
case, a bone-marrow study revealed 76% myeloblasts, 3% premyelocytes, 
11% myelocjdes, 2% seginented neutrophils, 6% juvenile and stab forms, 
1 % monocjdes and 1 % eosinophils. 
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Necropsy. The findings were very meagre. The lungs were not involved 
in any pneumonic process, the arteries and veins contained blood in which the 
erythrocytes were reduced in number. However, the white blood cells were 
numerous and displayed a mark shift to the left. There was nothing note- 
worthy in the heart, aorta, gall bladder, brain and adrenals. Cloudy swelling 
(albuminous degeneration) was noted in the liver, spleen, kidneys, lungs and 
pancreas. The spleen was only slightly enlarged. Damage to the hemolyto- 
poietic system was evidenced throughout with a decided shift of the granulo- 
cytes to the left. 

Discussion. The case presented is that of a young man, who up to 
this accident w^as apparently healthy, carrying on the normal arduous 
duties of a soldier rvith complete satisfaction to his superiors. In the 
1| years of his army career, this was his only hospitalization. On his 
admission to this institution, his blood picture was normal; as time 
progressed his burned areas were healing satisfactorily, and then when 
recovery was in the. offing, his blood picture became chaotic. One 
may or may not be inclined to ascribe this solelj" to a leukemoid reac- 
tion, which Krumbhaar® first described some years ago; \vherein, in 
some extreme infections and a few other conditions, one may find huge 
numbers of myeloblasts, mj^elocytes and neutrophils circulating in the 
blood, only to disappear as the infection clears. Again, Goldbloom 
ei aU reported cases of leukemoid reactions caused bj" sulfapyridine, 
but here one must keep in mind the possible effects of the benzene 
ring drugs. Likewise, Moody and Knouf^® cite similar occurrences 
which were alleviated by blood transfusions. However, in our case 
there w^as no appreciable infection, and furthermore, the injury to the 
hematopoietic system was so great that the reaction was irreversible. 

Stitt et asserted that leukemia is often a perverted response to 
the stimulus of infection and often cannot be differentiated sharply 
from cases with leukemoid reaction. Consequently, tlie question 
arises— where do leukemoid reactions end and leukemia begin? Of 
course if one accepts leukemia as neoplastic, then, as there is a great 
variety of carcinogenic stimuli, the differentiation is difficult and must 
depend on the course of the case. If the patient recovers, and the blood 
picture reverts to normal, then one may justifiably assume that the 
condition wms that of a leukemoid reaction. How'ever, if the patient 
presenting no manifestations of other disease processes fails to recuper- 
ate, and the blood maintains its perversion as the only major patho- 
logic finding, then it is difficult to accept this irreversible reaction as 
one of the leukemoid type. 

True, as mentioned, the spleen in our case was only slightly, if at all, 
enlarged. However, in acute leukemia, as Boyd- stated, the spleen 
may be of almost normal size. 

The pertinent contribution of this case is the possible etiology in 
relation to the burns. According to the criteria as set dowm by Liniger 
and also by Olovson, the necessary criteria w^ere present for citing this 
case as one of traumatic leukemia. All cases previously reported have 
liad an interrelationship of injury either to the spleen or long bones and 
leukemia. As far as we know, this is the first time wdiere an extensive 
burn is offered as the possible cause of leukemia. How^ever, this is, 
not w'holly the contention of the authors. Of course, one may contend 
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that this patient, if he had lived long enough, without trauma, might 
have developed leukemia in any event. We feel that if this patient 
had so-called latent leukemia, the burn might have served as a “catal- 
j'st” in hastening the manifestation of the leukemic process. 

Summary. 1. The evidence as to the infectious or neoplastic nature 
of acute myelogenous leukemia is discussed. 

2. Evidence and opinions are cited holding trauma to be a possible 
etiologic factor in acute leukemia. 

3. A case of an extensive burn which terminated with a picture 
stimulating acute leukemia is presented. 

4. The opinion is offered by the authors that trauma, in our case 
specifically a burn, may be a precipitating agent in the production of 
leukemia. 

We hope that this paper will stimulate further investigation. The 
relationship of burn trauma to leukemia requires considerable clarifica- 
tion. Also, the question arises whether those patients who have 
recovered from so-called leukemoid reactions will, if experiencing 
again with some severe infection or trauma, exhibit once more a 
tendency toward a perverted blood response. 
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USE OF AN AGGLUTINATION-INHIBITION TEST IN STUDYING 
AN EPIDEMIC OF INFLUENZA 

By Capt. Alfred L. Florman, M.C., A.U.S. 

AND 

Col. James P. Crawford, M.C., U.S.A. 

PRESIDIO OF MONTEREY, CALIF. 

(From Virus Section of Ninth Ser^nce Command Laboratory) 

The first well-described European influenza epidemic occurred m 
1510;® however, it was not until 1933 that the virus etiology of this 
disease was firmly established by Smith, Andrewes and Laidlaw.*® 



AGGLUTINATION-INHIBITION TEST IN INFLUENZA 

Until very recently, the laboratory confirmation of a clinical diagnosis 
of influenza could be undertaken only at highly specialized centers. 
In 1941, a simple test for detecting influenzal antibodies was introduced 
by Hirst.^ Now this confirmation can be attempted by clinical 
laboratories. 

During December, 1943, and January, 1944, there was a marked 
increase in the incidence of respiratory diseases among the military 
and civilian population of the West Coast of the United States. Clini- 
cally most of these were diagnosed as influenza. To aid in its investi- 
gation of this epidemic, the Virus Section of the Ninth Service 'Com- 
mand laboratory employed a modification of the Hirst test. 

The test depends upon the fact that red cells of certain fowls and 
mammals are agglutinated by both influenza Type A and Type B 
viruses, and that convalescent human sera specifically inhibit this 
agglutination. It is therefore referred to as an Agglutination-Inhibi- 
tion (A-I) test. The technique found to be most satisfactory in this 
laboratory was based on one described by Burnet.® 

Material and Methods. Collection of Specimens. Samples of blood were 
drawn from patients in the “acute” and “convalescent” phases of influenza 
by the medical and laboratory staffs of the several stations studied. The 
serum was separated from the clotted blood, and submitted to this laboratory 
in vials containing small amounts of sulfanilamide as a preservative.'* Prior 
to testing, the sera were kept at ice-box temperature. 

Equipment. Flat-bottomed Kolmer racks, Kahn test tubes, 1 ml. serolo^c 
pipettes and a water-bath regulated to maintain a temperature of 56“ C. were 
used. 

Chicken cells. These were obtained every other day from a local poultry 
market at the time of slaughter. Blood from the neck veins of single birds 
was collected in approximately 3 times the volume of 2% sodium citrate. It 
was immediately filtered through several thicknesses of gauze. The cells 
were washed twice in 0.9% saline and finally centrifuged at 1500 r.p.m. f6r 
10 minutes. From these packed cells a sufficient amount of a 1.5% suspension 
was made in 0.9 % saline for each day’s run. The remaining cells were stored 
in the ice-box and rewashed before using. They could be kept for several 
days without seriously interfering with the test. 

Virus Suspension. Allantoic fluids containing Type A (PR-8) and Type B 
(Lee) strains of influenza virus were used. They were prepared by inoculating 
10 to 12 day embryonated chicken eggs by the allantoic route with 0.1 ml. of a 
lO"® or 10“® dilution of virus. After 40 to 48 hours of incubation at 36° C., 
the eggs were placed in the ice-box and the following morning the allantoic 
fluid was harvested. An average of 7 ml. were obtained from each egg. 
Agglutination titers of 1 to 320 or above were considered satisfactory. The 
fluid was frozen in CO 2 awaiting use, however, even at ice-box temperature a 
workable titer of the virus could be maintained for several weeks. A titration 
of each virus and a check on the unitage of the prepared suspensions were done 
each day before starting the tests. To 0.1 nd. of allantoic fluid, 0.9 ml. of 
saline was added to make a 1 to 10 dilution. Thereafter twofold serial dilu- 
tions were made with 0.5 ml. of saline going out. to 1 to 2560 (9 tubes). To 
each tube, containing 0.5 ml. of diluted allantoic fluid, 0.25 ml. of the chicken 
cell suspension was added. The tubes were shaken a few times by hand and 
allowed to stand for 1 hour at room temperature. The last tube in which 
the sedimented red cells did not run on tilting was cons'idered the agglutination 
end-point. Since in the actual Agglutination-Inhibition test, 8 “agglutinating 
units” of Hrus were used, this titer (original dilution) was divided by 8 and a 
suspension of that strength prepared. After 20 minutes at room temperature 
the strength of this suspension was checked. To 0.5 ml. of the diluted sus- 
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pension, 0.5 ml. of saline was added, and twofold dilutions using 0.5 ml. of 
saline were made. Only 4 dilutions were necessary. To each tube, 0.25 ml. 
of the chicken cell suspension was added. The tubes were then shaken a few 
times by hand and read after 1 hour. If exactly 8 “agglutinating units” 
were not present in the prepared suspension, appropriate adjustments were 
made by adding more of the allantoic fluid containing concentrated \nrus or 
of saline. 

Serum. Each specimen of serum Avas inactivated and serially diluted 
before testing. To do this 0.125 ml. of serum was delivered into a Kahn tube 
Avhich was then corked and placed in the 56° C. water-bath for h hour. Next, 
0.875 ml. of saline was added and twofold dilutions made Avith saline ( J to tt':; r). 
This dilution Avas made in the first of 2 parallel roAvs of Kahn tubes, and as it 
progressed 0.25 ml. of each dilution AA'as delivered to the appropi'iate tube in 
the second roAv. l^Tiien completed there Avere 2 roAvs of test tubes each, con- 
taining 0.25 ml. of serially diluted serum. 

The Aggluiination-Inhibiiion {A-I) Test. Acute and coiu'alescent phase 
sera from a patient Avere ahvays tested at the same time in order to avoid 
Amriation in behavior of the reagents.® To each tube, containing 0.25 ml. of a 
serum dilution prepared as in the preceding para^'aph, there Avere added 
0.25 ml. of a virus suspension of 8 “agglutinating units” (Type A in thefront 
and B in the rear roAv) and 0.25 ml. of the 1.5% suspension of chicken cells. 
The tubes Avere shaken by hand a feAv times and then alloAved to stand at room 
temperature for 1 hour. The end-points AA'ere read as the original dilution of 
the serum in AAKich agglutination of the chicken cells by the respective Auruses 
AA'as completely inhibited. Included in each series of tests Avere Type A and B 
Aurus controls in AAdiich saline was substituted for the 0.25 ml. of serum, a cell 
control in which 0.25 ml. of the cell suspension Avas added to 0.5 ml. of saline, 
and a serum Avith a knoAA'n high agglutination-inhibition (A-I) titer for each 
of the influenza types. No increase or a single tube increase in the agglutina- 
tion-inhibition (A-I) titer of a convalescent over an acute phase serum Avas 
reported as “ negative.” An increase of 2 or more tubes (fourfold) Avas reported 
as “positive.” 

Problems Studied and Results. An attempt was made to type all the 
sera submitted Avitli this Agglutination-Inhibition (A-I) test. The 
results Avere then analyzed. The A-I antibody response of individuals 
to influenzal infection, as Avell as the OA'^erall statistical picture and the 
epidemiologic tendencies AA^ere studied. 

During the epidemic, sera from 119 patients clinically diagnosed as 
suffering from influenza Avere examined. They came mostly from tAvo 
stations in central coastal California (Table 1). 

Forty-nine of these patients shoAved a fourfold or greater rise in A-I 
antibody for influenza Type A. One had such a rise for Type B as 
AAf,ell. Because of the unusual nature of this response, sera from this 
indiAudual Avere sent to Dr. M. D. Eaton of the United States Army 
Board for the IiiA'^estigation of Epidemic Diseases for retesting. He 
confirmed the rise in antibodies for both Type A and Type B influenza. 
Similar observations Avere made by Lennette et al.^ in the 1941 epidemic, 
using a com'plement-fixation technique. 

Even-, though it Avas soon apparent that the epidemic Avas due to a 
Type A Aurus, all specimens submitted on patients diagnosed as having 
influenza were tested’ against both types of virus. This was done in 
order” tliat any changes in the influenzal pattern might be detected. 
A feW'Sera from indhdduals AAuth atjqjical pneumonia Avere also tested 
AV'ithout revealing eA'idence of recent influenzal infection. 
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Table 1.— Distkibution of Cases of “ Influenza” Tybed by Agolutination- 

Inhibition Test 



Station 1 

station 2 

Station 3 

Station 4 

Total 

casc.s 

studied 

Positive 

(%) 

Period 

Pos. 

Neg. 

Pos. 

Neg. 

Vos. Neg. 

Vos. Nes. 

Before Dec. 5 



0 

1 



1 

0 

Week of Dec. 6 

0 

1 

0 

, 5 



(> 

0 

Week of Dec. 13 

10 

17 

5 

4 



30 

42 

Week of Dec. 20 

14 

10 

2 

3 



20 

55 

Week of Dec. 27 

0 

4 

3 

2 



15 

60 

Week of Jan. 3 

5 

7 

1 

0 



13 

40 

AVeekofJan. 10 

0 

5 


. . 

1 

1 1 

11 

IS 

Weekof Jan. 17 

0 

5 



. . 

1 1 

7 

14 

Week of Jan. 24 

0 

1 
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35 

50 

11 

15 

1 3 

2 2 

119 

41 


Not infrequently, the interval between the 2 specimens submitted 
on each patient was only 2 to 3 days. It was therefore apparent that 
the earliest and shortest interval in which a rise in antibody could be 
expected would have to be determined. To obtain this information 
the results of testing 108 patients were examined on the basis of the 
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• s POSITIVE. A-I TEST 


Chart 1.— Relation ol day on which specimens collected to type of reaction. 


day after onset on which the first specimen was collected and the 
interval between specimens (Chart 1). A large number of tliese 
individuals showed a definite rise in antibody by the end of the first 
week. There were 65 patients from whom the first specimen of serum 
was obtained within the first 5 days after onset of the illness, and a 
convalescent one after an interval of at least 5 days. Among this 
group, 62% had an influenzal disease which could be typed, in contrast 
to the 41 % among the entire group of patients. 

In Graph 1 curves are drawn for 9 patients from whom it was 
possible to obtain 3 or more specimens. It is apparent that the A-I 
antibody curve continues to rise after the 1st week. In 2 individuals 
(4 and 1) who were available for “check-up,” antibody levels were 
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maintained after 6 and 9 weeks, respectively. The different manner 
in which individuals react to a clinically similar illness is also demon- 
strated by this graph. 

The highest incidence of cases which could be typed occurred during 
the last days of December, 1943 (Table 1). This was the period dur- 
ing which the epidemic reached its peak in this region. Since there is 
great individual variation in the so-called “base line” level of A-I 
antibody of “normal” individuals (1/4 to 1/1028), it is impossible to 
determine evidence of infection in a patient from a single specimen. 
However, when the “base line” levels are adjusted on the basis of 
overlapping known positive sera, to account for variation in reagents 
due to tests being done on different days, a very definite trend is 


multiple: 

OF 

INCREASE 
IN TITER 



Graph 1. — Development of agglutination-inhibition (A-I) antibody for influenza Type A 

(in 9 patients). 


noted as the epidemic subsided. In Graph 2 sera from patients in 
the acute stages of illness are grouped on the basis of adjusted levels 
of A-I antibody to influenza Tj^pes A and B. These sera were all 
collected during December, 1943, Januarj’’ and February, 1944. Type A 
titers are shown for 138 patients and Type B for 153. The smaller 
number in the former group is due to the fact that in some instances 
there were no satisfactory overlapping Type A sera. Consequently 
some of the early determinations could not be adjusted to the sensi- 
tivity of those done in later weeks. Although the number of specimens 
in the third period is considerably smaller, it is apparent that as the 
influenza epidemic subsided there was a tendency for the A-I antibody 
level for Type A influenza to rise, while that for Type B remained 



essentially unchanged (Graph 3) . During these later weeks the labora- 
tory confirmations of influenza were very few. 



Graph 2. — Effect of Type A influenza epidemic on agglutination-inhibition antibody 

levels of acute sera. 



SeccMSCR ’/nnuAM rMBRU/\Kf 

Graph 3.— Per cent of patients each month whose acute sera had corrected A-I titers 
for influenza Types A and B of 1 to 64 or above. 

Discussion. The A-I antibody determination has a number of distinct 
advantages over tlie several other methods noAv available for measuring 
antibody changes associated with convalescence from influenza. 
Although no 2 of these tests give entirely concordant results, the A-I 
antibody more closely parallels the neutralizing antibody than does 
the antibody detected by the complement-fixation technique.^ Per- 
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formance of this test is also much simpler than is a complement fixation, 
in vivo mouse or egg neutralization. It can be done by any trained 
laboratory technician. Since guinea pig or human “O” cells may bo 
substituted for chicken cells,” all the materials necessary for its per- 
formance are available in most clinical laboratories, except for the virus. 
This might be furnished by large central laboratories since the agglu- 
tinating ability of the fluid containing virus has been shown to be 
stable at ice-box temperature for several months.^ Conseqiientlj' the 
laboratory confirmation of a clinical diagnosis of influenza may easily 
be made routine. 

It is appreciated that there are difficulties associated with the test 
due to variations in cells, virus and human “base line” levels.*^ Test- 
ing both acute and convalescent specimens at the same time avoids 
many of these. Using the known positive serum in an overlapping 
manner makes possible an estimation of the relative sensitivity of the 
test on different days so that comparative studies may be made. 

The technique used in this laboratory is not original, but is especially 
adapted to the facilities of a clinical laboratory. The reading of type 
of sediment rather than density of supernatant is more practicable in 
laboratories where a photoelectric densitometer is rarely available." 
The use of 8 “agglutinating units” of virus permits easier reading of 
end-points, though it may decrease somewhat the sensitivity of the test. 
The small volumes of each reagent which go into the test make for a 
saving of materials without any appreciable decrease in accuracy. The 
use of a live virus does not present any great danger as the likelihood 
of accidental laboratory infection with these “derivative” strains’’ 
is slight. 

The importance of proper spacing of specimens is apparent when the 
incidence of 41% positive reactors obtained when all specimens sub- 
mitted are compared with the 62% resulting when only those with a 
satisfactory interval are taken. It would appear that if the first speci- 
men of blood is drawn when a patient is first seen and the second at 
least 1 week later, the greater percentage of A-I antibody rises would 
be detected. 

The failure of 38% of the influenza convalescents, with satisfactorily 
spaced specimens, to show evidence of a rise in antibodj" to either 
Tjrpe A or Tjq)e B influenza is of interest. Although a few of these 
individuals had such relatively high initial antibody levels that slight 
rises might not have been easily detected, the majority did not. Thej'^ 
may represent individuals who have an especially high threshold for 
producing A-I antibody, or instances of an etiologically different, but 
influenza-like disease. The one man who developed an increase in 
A-I antibody to both Type A and Type B influenza virus suggests 
either a double infection or more likely an anamnestic reaction with 
Tjq)e B antibody. No instances of Type B infection alone were 
detected in the group. 

From an epidemiologic point of view the cases studied were rather 
unique. They all occurred in previously healthy young men of military 
age. The greater proportion of cases came from a post which received 
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juen newly inducted from civilian life in that area. They probably 
reflected the situatio]) in the surrounding civilian community. The 
next largest group were aviation cadets who had been in the Army for 
a much longer time. No striking difference was apparent in the 
response of these 2 groups to the disease. The highest percentage of 
positive reactors occurred during the 3 weeks at the peak of the epi- 
demic. 

The sera represented in Graphs 2 and 3 reflect the influenza agglu- 
tination-inhibition (A-I) antibody status of a group of soldiers at 
the onset of the illness responsible for hospitalization. Most of 
these patients had probably been exposed to the epidemic of Type A 
influenza during December and early January. It is therefore signifi- 
cant that their “base line” levels for Type A influenza A-I antibody 
tended to rise as the epidemic subsided, while those for Type B re- 
mained unchanged. 

Summary. 1. An epidemic of influenza in several army installations 
was studied by using an influenza Agglutination-Inhibition (A-I) test. 

2. The technique of the test which is modified for use in larger 
hospital laboratories rvithout special equipment or personnel is pre- 
sented. 

3. One hundred and nineteen clinically typical patients were studied. 
Of these, 49 (41 %) were found to have developed a rise in antibodies 
to influenza Type A and one to Type B as well, 

4. The importance of proper spacing of acute and follow-up sera 
is shown. The incidence of positive reactors rose to 62% when only 
those patients from whom a first specimen was taken within 5 days of 
onset and a second after an interval of at least 5 days were considered. 

5. The highest percentage of positive reactors occurred at the height 
of the epidemic. As the epidemic subsided, the average “base line” 
level of A-I antibody for Type A among sera submitted for study 
tended to rise. 

The authors wish to acknowledge the cooperation of Majors S. Lovre, R. D. Evans. 
V. G. Rubenstein, P. J. Melnick, and Captain Whiting in the collection of specimens and 
clinical histories. Dr. M. D. Eaton furnished the original strains of virus and he and 
his staff offered many helpful suggestions. It is a pleasure to credit Alice B. tVeiss 
and Pfc. Robert P. Scrivani for teclmical assistance. 
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The existence of a definite state wliich may be characterized as 
chronic carbon monoxide poisoning has not been established. One 
view of the situation has been summarized by Drinker'"’ as follows: 
“There can be no doubt that when people breathe small amounts of 
carbon monoxide daily over weeks and months of time they may 

suffer ill-health. But the degree of ill-health is variable ” Tlie 

clinical signs and symptoms of chronic carbon monoxide (CO) poison- 
ing reported in the literature are unfortunately indefinite and uncharac- 
teristic. A further difficulty in evaluating the above quoted state- 
ment arises in determining what is actually meant by “ small amounts.” 
Bulletin 3 of tlie U. S. Department of Labor (1941) sets the limit of 
safe concentration of CO in air in industrial plants at 0.01 vol. % 
(100 p.p.m.), based upon the report of Bowditch et ah'* These values 
should not be used without reservation. It is well known that occa- 
sional short periods of seriously increased gas concentration are hard 
to avoid in industry and often pass unobserved unless continuous 
records are kept. If this occurs, tlie situation changes at once from 
chronic mild CO intoxication into the range of repeated acute poisoning. 
A second complication in the problem lies in the evident fact that we 
are interested primarily in the quantity of CO in the body (measured 
in per cent of carbon monoxide hemoglobin, [HbCO]) and only secon- 
darily in the amount available in the atmosphere. The actual amount 
of CO combined with hemoglobin is given only in a few publications, 
and has been found to vary greatly, even in the same garage.“ Work- 
ers may move from regions of extreme exposure to places with low CO 
concentration. Examinations by Killick^® have suggested tliat.an indi- 
vidual exposed continually for some'months to the same CO concentra- 
tion in air may, supposedly by adaptation, show a gradual decrease in 
the percentage of COHb. Hence, safety limits given in terms of CO 
concentration in air give only an approximate and perhaps unreliable 
idea of the toxicity relationships of the gas in the body. 

The above value of 0.01 vol. % CO in air leads theoretically in man 
to approximately 16% COHb (calculated, using the value of ,210’® for 
K in the equation K =" [HbCO] .p [OJ / [HbOJ .p [CO]). By agree- 
ment of the Safety Engineers of the U.S.A.,® the upper permissible 
limit is set at 20% HbCO. These data are based on Haldane’s recom- 

* The ■work described in this paper was done'under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Ueve op 
ment and the University of Pennsylvania. 
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mendation to the London Underground Railways in 1897.® One 
attempt only, so far as ,we know, has been made to study experimen- 
tally whether these figures are innocuous for exposures of months under 
conditions which actually occur in industry. ,, The results of this study 
by Suepfle, Hofmann and May^^ are equivocal. 

It seemed of special interest in these times of industrial man-power 
shortage and in view of the fact that there are situations in the Army 
where routine exposure to sufficient CO occurs to allow formation of 
20% HbCO to make a careful study of the effects of chronic exposure 
to comparable amounts of carbon monoxide. Dogs were chosen as 
the experimental animals, as continuous exposure over long periods 
was desired and since in this species also exposure to 0.01 vol. % CO 
leads to approximately 20% HbCO. 

Technique. Six dogs were exposed for 11 weeks, from April 27 to July 13, 
6 days a week, with a mean period of exposure of 5| hours per day, to an 
atmosphere of approximately 0.01 vol. % CO in the air. A seventh dog 
was later added to the group so as to observe the effect of the same amount of 
CO upon an animal whose heart had been damaged, 1 year prior to the present 
experiment, by means of ligation of the postferior coronarj’- artery. This ani- 
mal w'as exposed for 18 days only, and sacrificed 3 months later. 

. CO Chamber. A controlled flow of compressed air w^as fed into the chamber 
to which an initial single amount of pure CO was added. Subsequently a con- 
stant amount of 15 mg. pure CO per minute was fed into the air stream with 
the help of a motor-driven pump. The actual air concentration in the chamber 
was measured hourly by means of the CO determinator of the Mine Safetj'' 
Appliance Company (MSA). The MSA apparatus was controlled by use of 
the iodine pentoxide method and calibrated with the help of gas mixtures of 
known concentration. Blood of at least 3 dogs within the chamber was wdth- 
drawn at the end of the daily exposure and the HIjCO content as w^ell as total 
pigment determined. 

The mean (M) of all CO determinations in the air showed that the concen- 
tration of the gas ^vas maintained at 0.0096=^0.00065 (SD) vol. %. The 
standard error (SE) of the mean was less than of the mean. The mean 
of all HbCO determinations in the 6 animals after daily exposure was 20.1 =»= 
1.1% (SD), with an SEm of =t0.15. The mean difference of the HbCO 
determinations from dog to dog on each single day was 1.1%. 

Determination of HbCO and Total Hb. HbCO and total pigment were deter- 
mined spectrophotometrically. The analyses were upon the blood samples 
diluted 1 to 100 with water. For a description of the spectrophotometric 
technique, readers are referred to Drabkin and Austin.® In our hands the 
spectrophotometry has been found to have advantages of accuracy and direcb- 
ne.ss over gasometric methods in determination particularly of mixtures of 
pigments.® Special details in the technique as applied to mixtures of HbO: 
aud HbCO will be presented elsewhere. 

The dogs used in the study were kept long enough in our kennels to convince 
us of their freedom from acute diseases, especially distemper. None of the 
dogs showed any sign of disease during or after the experiment. 

Results. The condition of all the animals appeared excellent during 
the rvhole experimental period. 

rem 2 )ernfurc, pjih'e and resjnruiion of all the dogs were taken before 
the daily exposure aftd in some at the end of the afternoon, and did 
not vary beybiid usual normal limits. The body weight increased in 
most of the animals during the first weeks of the experiment and 
remained stable • thereafter. The dietary ration was a mixture of 
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natural foodstuffs, presumably complete in all essentials. At the end 
of the experimental period all the animals appeared well nourished. 
All dogs were of friendly disposition at the beginning of the experiment 
and remained so throughout the whole period. They did not become 
unduly excited or quiet at the end of the single day of exposure nor at 
the end of the whole experiment. Even temperatures up to 102° E. 
in the chambers had no apparent effect, except in 1 dog, made some- 
what ill for 1 or 2 daj's. 

Electrocardiograms obtained from the dogs showed changes in the 
2nd week of the experiment in 1 animal, and in the 10th week in 
another. These findings are discussed in detail in a separate paper 
(Ehrich, Bellet and Lewey^). They were interpreted as evidence of 
permanent myocardial damage. The electrocardiographic changes 
persisted until the animals were sacrificed 3 months after termination 
of the experiment. At necropsy the hearts of the 4 dogs which were 
available for examination showed degenerative changes of individual 
muscle fibers. A close correlation was found between the electrocardio- 
graphic and the morphologic changes. 

Periodic neurologic examination of all animals revealed almost 
negligible clinical signs. In 1 dog the pupillary reaction to light 
decreased, in another the knee jerks became more active, the hopping 
reaction became poor in 2 dogs, the placing in 3 and jumping in 1 ani- 
mal. Walking on the fore- or hindlegs when the opposite extremities 
were supported became difficult or impossible in 4 animals. The dogs 
showed a tendency to stand and walk on a broad basis, stiff and 
slightly atactic. No changes were seen in the electroencephalogram or 
on the part of the peripheral nerves. 

The HbCO of the 6 dogs was determined at dift'erent times in the 
morning before the beginning of the exposure, after having been gassed 
the previous day for 7 hours each and having reached 20% HbCO. 
In none of the animals could any HbCO be detected. This would 
appear to support Drinker’s opinion that the average values of 2.11 % 
HbCO found by Farmer and Crittenden® in workers 16 hours after 
exposure Avere the consequence of smoking on the Avay to work rather 
than of delayed elimination. 

Morx>lioIogic Examination of the Nervous System. The central ner- 
vous system of 5 of the 6 dogs exposed to 0.01 Ami. % CO in air for a 
period of 11 weeks, 6 days a week, Avith a mean exposure of 5f hours 
per day, leading to not more than 20% HbCO in the blood at any time, 
shoAved distinct histopathologic changes 3 months after termination m 
the exposure. These changes differed quantitatiAmly from those found 
in acute CO intoxication, but were qualitathmly of the same type and 
shoAved the same predilection for certain regions of the brain. 

No alterations Avere found in the peripheral nerves. 

All animals showed some indication of cortical dormni/c of A-arAing 
type. Figure 1 illustrates a typical Avedge-shaped infarct Avithin wJuc i 
the nerAm cells of the external granular and pyraihidal layers are 
sclerosed, pyknotic and shrunken. In other instances, the degenera- 
tions within the cortex are so diffuse that a dense glia carpet in t le 
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Fig. !.■— Wedge-shaped focus in ttie cortex in which flio cells of the second to fourth 
layer are pyknotic and shrunken. (321.) (Cresylviolet, X 120.) 

Pig. 2. — Den.se layer of marginal glia fibers formed on one side of the calcarine fissure. 
(749.) (Phosphotungstic acid, X ISO.) 

Fig. 3. — Minute foci of necrosis (mottling) in the cortc.x (M). (737.) (Phospho- 

tungstic acid, X 70.) 

Fig. 4 . — Minute foci of necrosis (mottling) in the lateral thalamic nucleus (Af). (749.) 

(Phosphotungstic acid, X 70.) 

Fig. o. — Cavity formation in the cortex (F) and in the white matter (S) of Fj. (321.) 
(Weigert, X 10.) 

Fig. 6.~Large cyst formation nothin necrotic area of frontal lobe. (737.) The cyst 
is walled off by a connective tissue capsule which i.s surrounded by a glia capsule. (Laid- 
law's silver impregnation, X 30.) 
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superficial cortical layers is the sole sign of cortical disintegration 
(Fig. 2). In 1 dog a spongy degeneration of all layers of a convolution 
resembles closely the appearance of tlie cortex as seen in severe anoxia 
through occlusion of the pial vessels. 

The mildest form of this “anoxic necrosis” is ex])ressed in form of 
“mottling” of the cortex (Fig. 3) or of the lateral thalamic nucleus 
(Fig, 4), i. e., minute foci of disintegration in Avhich myelin, axis 
cylinders and ground substance alike have broken down and are so 
completely cleaned out that not even a scar has been formed. Small 
cavities are the only indication of the degeneration of the jjaren- 
chyma. In the dog with preceding cardiac operation (321), stasis in 
the cortical blood-vessels clearly played a dominant role, j)roducing 
grapelike cortical cavities (Fig. 5), whereas the large subcortical foci 
are probably true necroses rather than the consequence of ^•ascular 
obliteration. 

Occasionally both the superficial vascular system of the pia and the 
deep system of the large ascending arteries of the circulus artcrio.sus 
seemed to be involved. In these instances a whole conA’olution or a 
greater part of it became necrotic to the degree of fonning large cysts 
(Fig. 6). Their anoxic origin is still evident from the fact that the 
scar in the white matter surrounding the cyst is purely gliotic, whereas 
the immediate capsule of the cy.st as well as the repair of the cortical 
necrosis are of mesodermal nature. 

The involvement of the long arteries of tire white matter is cleai'ly 
manifest in the large and small foci of softening in the whiic maiicr, 
prominently in the occipital lobes (Figs. 7 and 8) and in the dissolution 
of the U fibers (Figs. 9 and 10), which as a rule belong to the most 
resistant structures of the brain but were reported as involved in acute 
CO poisoning by Meyer.*- In a milder form of vascular !m])ainnent 
patches of perivascular gliosis in the white matter (Fig. 11) or small 
softenings in the nuclei of the brain stem (h’ig. 12) are indicative ol 
the damage produced. 

Of most significance are the changes in the hmd (jumiUa which, 
though of minor severity, are more frequent in these chronic than in 
acutely poisoned animals which Ave luu'e studied. Here again all 
gradations are seen. Derayelination of the fibers in the ca])sula ex- 
terna, the putamen, the external and int'erhal medullary liimdles, as 
well as of the thick fibers in the globus palHdus projrer seem to charac- 
terize the earliest .signs (Figs. 13 and -14)-. -T/OSs-of axis cylinders in 
the same bundles suggests a more advanced process (Figs. 15 and 19). 
In 1 animal a circumscribed but complete softening iu the most medial 
and anterior part of the globus pallidus Avas found along the cour.se ol 
an, artery, the walls of Avhich AA'^ere necrotic (Fig. 17). ’ The focus is so 
neatly cleaned out that it may be inferred that it had a])pearefl scA'ci'iil 
AA'eeks prior to death. 

Discussion. The clinical sighs in 7 dogs Avhich had breathed an 
atmosphere of 0.01 vol. % CO for 51 hours a day, G days a Aveek, over 
a period of approximately 3 months Avere not impressive. But they 
Avere, ncAmrtheless, slightly less Amgue than symptoms and signs de- 
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Fig. 7.— DarRc softening witli reparatoTy sprouting of capillaries in the occipital lobe. 
(740.) (Crcsyl violet, X 30.) 


Fjo. S.— Small focus of disintegration with connective tissue scar in connection with 
proliferated blood-vessel in occipital lobe. (321.) (Laidlaw’s silver impregnation, 
X 70.) 

Fig. 9.— Loss of U fibers (C7) below cortex (C). (739.) (Phosphotungstic acid, X 30.) 

Fui. 10. — Loss of IJ fibers under higher power (ID. Cortex (C). White matter (IV). 
(7.39.1 (Rodian axis cylinder staining, X 70.) 

Iho. 11.— Softening (S) and foci of perivascular gliosis (G) in the occipital lobe under- 
lying the cortex (C). (737.) (Phosphotungstic acid, X 30.) 

Fig. 12.— Foci of softening and ca'-i-ity formation (F) in the corpus geniculat. med. 
and the lateral lomni.scus. (321.) (TVeigert, X 10.) 
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Figs. 13 and 14- — Putamcn (P) and globus pallidus (G) in the same magnification (X20). 
Figure 13, a normal control dog; Figure 14, chronic CO: dog (737) Ci. capsula int. E. 
capsula externa. The loss of medullated fibers in putamen, globus pallidus and lamina; 
medullares is evident. (Weigert: myelin sheaths.) 

Figs. 15 and 10. — Shows cells and fiber bundles of the globus pallidus with axis cylin- 
der impregnation. Fignre 15, a noimal control dog; Figure 10, a chronic CO dog (739). 
Figure 15 shows large nerve cells and dense bundles of axis cylinders (P), whereas the 
nerve cells in Figure 16 are shrunken and the bundles (P) void of axis cylinders except 
for one in the right lower corner. (Bodian axis cylinder impregnation, X 330.) 

Fig. 17. — Large focus of softening along necrotic blood-vessel in the most anterior 
and medial part of the globus pallidus. <S, softening; Ci, internal cap.sule. (740.) 
(Laidlaw’s silver impregnation, X30.) 


X 
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scribed as characteristic of chronic CO poisoning in man. It may be 
worthwhile to check whether the anomalies of gait and posture, which 
represented the only constant findings in these dogs, may also be found 
in man after chronic exposure to CO. 

The disposition of all our dogs remained friendly. Suepfie et 
observed that their dogs became irritable and easily frightened towards 
the end of their experiment of 13 weeks’ duration. This psychic reac- 
tion disappeared after termination of the intoxication. Hence, 
workers came to the conclusion that the exposure of dogs to 0.01 vol. % 
CO, even over several months, failed to produce an}'^ clinical signs 
while 0.02 vol. % represented for dogs the limit of tolerability because 
of the described psj'^chic changes. However, Suepfie and colleagues 
report that exposure to 0.01 vol. % CO for 5| to 6 hours daily led in 
their dogs to only 7 % HbCO and exposure to 0.02 vol. % CO to only 
13 % HbCO. These findings appear incomprehensible to us, since our 
animals invariably reached values of 20% HbCO in exposure to 
0.01 vol. % CO. The results of Suepfie et al. are therefore difficult to 
interpret. 

The clinical findings in our dogs were too uncharacteristic to be of 
any value were they not confirmed by mild but definite histologic 
changes in the hemispheres, basal ganglia and the stem of the brain. 
There is no doubt that type and localization of the histologic alterations 
in the brain of the chronically intoxicated animals, including their 
strange predilection for the anterior part of the globus pallidus are 
identical qualitatively with those seen in acute CO poisoning. The 
difference between the histologic changes in acute and chronic CO 
poisoning appears to be purely quantitative. The chronic foci are 
more scattered, the lesions smaller, and the axis cj'linders in them often 
preserved. 

The presence of the histologic changes which have been described in 
the brain of all 5 dogs available for histologic examination and their 
absence in all controls, kept upon the same diet and under the same 
living conditions, leaves little doubt that they have to be considered 
as due to chronic CO intoxication. 

It should not be inferred that similar changes need be expected in 
the human brain under the same conditions. 

No data concerning histologic examinations of the nervous system 
ill chronic CO poisoning of man or animals could be found in the 
literature. However, one may speculate that similar changes might 
be detected also in man if the brains of individuals who had survived 
subacute or chronic CO poisoning without having shown marked or 
persistent clinical signs were available for examination. It is well 
known that at necropsy numerous cortical and subcortical foci may be 
foimd in man after lethal subacute CO intoxications, although the 
clinical signs and symptoms had liecn vague and inconclusive. In 
addition, Alexander^ has demonstrated that extensive thromboses of 
both globi pallidi may not be followed by their clinical equivalent. 
Parkinsonism, until 15 years after intoxication with carbon monoxide. 

Our dogs showed the same value of 20% HbCO after 13 weeks of 
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exposure as that found after the 1st day of gassing. Thus, there was 
no evidence of acclimatization to CO in our experiments, as has been 
reported.®’*” 

Finally, Drinker’s” question as to the response of the damaged heart 
to CO may be answered tentatively. The animal in which the poste- 
rior coronary artery had been ligated 1 year prior to the chronic CO 
intoxication showed by far the earliest and severest pathologic changes 
in both the heart and brain. We do not wish to overemphasize the out- 
come of this experiment upon one animal, but the result is suggestive. 

The implication of the present findings with respect to chronic CO 
intoxication in man is uncertain, but one fact seems to stand out, 
namely that 0.01 vol. % CO leading to 20% HbCO is not innocuous 
for the heart and central nervous system of dogs. 

Summary. 1. Dogs, exposed for 65 hours per day, 6 days a week, 
over 11 weeks, to an atmosphere containing 0.01 vol. % CO, and 
reaching daily 20.1 =*=1.1% HbCO, showed a consistent disturbance of 
postural and position reflexes, and of gait. 

2. Some of them showed a pathologic electrocardiogram, character- 
istic of anoxia, and necrosis of single heart muscle fibers. 

3. Their central nervous systems showed, 3 months after termina- 
tion of the experiment, histologic changes in the cortex and white 
matter of the cerebral hemispheres, in the globus pallidus and the 
brain stem. These alterations corresponded in tjqje and localization 
to those found in acute CO poisoning, but w^ere smaller, more scattered 
and less destructive. They followed in their arrangement the course 
of blood-vessels, the walls of which were damaged only occasionally. 

4. One dog, in which the posterior coronary artery had been ligated 
1 year prior to the exposure for a period of only IS days to CO, showed 
the earliest and severest cardiac and cerebral changes of all animals 
observed. This result suggests that an inadequate functioning heart 
increases the general risk in CO poisoning, and maj'^ be responsible for 
a higher degree of brain damage. 

. 5 . Our findings indicate that chronic CO into.xication may occur in 
dogs at CO concentrations which have been regarded as being within 
the safety limits for man. 

6. These experiments do not permit any conclusions as to the poten- 
tial reactions of the human body to the same conditions. 

We wish to express our appreciation to Lt. Col. Theodore F. Hatch, Sn.C., of the 
Department of Industrial Hygiene, for his technical advice in the arrangement of the 
experiments, to Dr. William Ehrich of the Department of Pathology and Dr. S. Bellet 
of the Cardiac Department of the Hospital of the University of Pennsylvania for their 
cooperation, and to Mr. Richard Faber, now a senior in the School of Veterinary Medi- 
cine, and Miss H. Lorraine Leidy for valuable technical assistance. 
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While cerebral lesions from CO poisoning have been repeatedly 
described, the cardiac changes are not generally recognized. Thus, 
Drinker^® has recently stated that there seems to be no definite patho- 
logic evidence of serious cardiac damage in CO intoxications except 
in the severest degrees of poisoning; in fact, Stearns, Drinker and 
Shaughnessy^*’ have reported that even in lethal doses marked changes 
in the electrocardiogram may be missing. In view of these and 
similar statements, we wish to present some oliservations made during 
an experimental study of CO poisoning in dogs which seem to indicate 
that the heart is frequently involved in CO poisoning, and that the 
cardiac changes are more severe than previously realized. 

Literature. Cardiac involvement in CO poisoning was first noted 
by Klehs.-® Clinically, he recorded acceleration, and later irregularity 
and retardation of the heart beat; anatomicall.'v, he observed puncti- 
form and diffuse hemorrhages into the pericardium and endocardium, 
including the tips of the papillary muscles. In at least 1 case he 
found fatty dystrophy of the myocardium. The clinical observations 
of Klebs were confirmed by Zondek,^^ Killick,*® and others, and subse- 
quent writers added to the picture changes in the electrocardiogram 
such as alterations of the T waves and the S-T segments as well as 
the symptoms of stenocardia.® The anatomic findings of Klebs 
were amplified by Liebman,-® who seems to have been the first to 
observe myocardial necrosis in CO poisoning. These findings were 

* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the University of Pennsylvania. Responsible Investigator; Major F. H. 
Lewey, M.C., A.U.S. 
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later corroborated by Herzog/®-*^ Avho observed necrosis and fatty 
dystrophy in the papillary muscle of the mitral valve, in the apex of 
the heart, and elsewliere in the left chamber in J4 out of 10 patients; 
v'hiJe Gey“ found hemorrhages especially in the apex of the papillary 
muscle of the mitral valve, fatty dystrophy of the myocardium, and 
occasional circumscribed necroses in 9 out of 19 patients. Similar 
observations have since been reported by several other writers.^-''®’®*'^- 

Although efforts to induce cardiac changes in experimental CO poi- 
soning Avere not successful in the hands of some inA’-estigators,^®'®^ 
Haggard^® found in dogs occasional A'^entricular extrasy.stoles, inversion 
of T waves, and heart block; Campbell® in a fcAv animals noted marked 
fatty dystrophy of the myocardium; and Christ^ in rabbits observed 
negative T AvaA^es and broadening and depression of the R-T segment, 
as Avell as subendocardial necroses, especially at the base and apex of 
the left papillary muscle. No hemorrhages Avere seen in these experi- 
ments. 

For the sake of completeness, it should be mentioned that some 
authors claim to haA^e obserA-ed extensive capillary thrombosis of the 
myocardium,^ but the evidence presented appears to us insufficient. 

Material and Method. All experiments Avere performed upon straj’’ dogs 
AA’hich were quarantined for a feAV days to determine their freedom from disease 
such as distemper. Some experiments represent acute CO into.xication, others 
chronic poisoning. 

In the acute experiments Nos. 238/1, 246, 249, 256, 258, 324, 368, 388, 450, 
473 and 615, the animals Avere alloAA-ed to inhale the CO. In some of these, 
the dogs AA'ere connected bj’’ a tracheal cannula to a 2-liter rubber bag into 
AA'hich pure Oi aa'us delivered. The expired air passed through an externally 
cooled canister filled AA'ith soda lime before returning to the bag. Into this 
closed S3’^stem freshlj’- prepared CO (96%) Avas fed in A'arying quantities and 
at various interA^als. In other experiments of this serins a bell-jar Avas placed 
OA’’er the head of the dog and fixed, by means of a rubber collar, around its neck. 
Compressed air, the floAv of AA'hich AA'as controlled bj' means of a floAV-meter 
and to which 15 cc. of CO per minute AA'ere added by a motor driven pump, 
Avas fed into the bell-jar and alloAved to leave at the collar. In 3 animals of 
this first series (Nos. 238/1, 368, 388), CO: accumulated AA'ithin the closed 
sj'stem because of an error in technique. Three dogs (Nos. 246, 256, 258) 
AA'ith acute circulatorj' failure Avere kept aliA'e bj' transfusion AA'ith about 250 cc. 
of dog’s erythrocytes suspended in an amount of saline solution just sufficient 
to permit injection. 

In a second series of acute experiments (Nos. 198, 233, 238/11, 239, 267) CO 
AA'as administered bj' AA'ay of intravenous injection of erj'throcytes 96% satu- 
rated AAith CO outside the bodj'. 

In a series of chronic experiments (Nos. 737, 739, 740, 749) the dogs AA'ere 
exposed in a closed chamber to CO for of hours a daj', 6 daj'S a Aveek, over a 
total period of 11 weeks. The concentration in the chamber Avas sufficient 
to obtain about 21% COHb. It amounted to 0.01 a'oI. % CO, a dose gener- 
all3' regarded as non-toxic. 

The dogs Nos. 696, 738, 741, 743, 744 and 745, finally, AA'ere placed in a cham- 
ber in which the 0: of the breathing air AA'as reduced to 10 a'oI. % leading to a 
partial 0: pressure in the blood similar to that of 21% COHb. This AA'as 
continued for 44 hours a da3’’, 6 da3's a week, OA'er a total period of 11 Aveeks. 

Taa'o of the acuteR poisoned dogs died at the end of the ex'periment, obA'i- 
0USI3' from the experimental procedure (Nos. 238/1 and 239). Tavo others 
died after 4 da3's because of gas infection (No. 256) and confluent broncho- 
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pneumonia (No. 388). The remaining acute animals were sacrificed at inter- 
ns from 4 days to 2 months, some by bleeding, others by air embolism. 

The chronic animals were allowed to live for 6 to 7 months after the onset 
of the experiments, i. e., 3 months after termination of the CO poisoning or 
the O 2 deficiency. Most of these animals were killed by bleeding. 

The organs studied include brain, heart, lungs, liver, kidneys, spleen, intes- 
tine, adrenals and lymph nodes. The findings of the brain will be presented 
elsewhere (by F. H. L.) and therefore will not be discussed here. 

Results. General Observations. Ten of our animals showed granulo- 
mata due to parasites in various organs including lymph nodes, kidneys, 
lungs, liver, spleen and pancreas; but only 2 showed granulomata in 
the heart (Nos. 368 and 745). Two dogs harbored tapeworms in their 
intestines; 2 had Gandy-Gamma bodies in their spleen, and 3 foci of 
old pyelonephritis and calcified casts in their kidneys. Only 1 animal 
showed indication of preexisting more severe disease, namely marked 
prominence of the juxta-glomerular apparatus of the kidneys as well 
as hypertrophy of the heart (No. 368). 

A B C D 



Fig. 1.— Electrocardiograms of Dog 473. Acute experiment, CO inhalation. (A) 
Control 7 p.m. Leads I, II, III and CRIV; (B) 8:25 p.m..40% COHb. Note the sharp 
T wave inversion in Leads II and III and elevation of T in CR 4 with inverted T weaves 
and sharp downward dip. (C) Lead CRIV, 8:51 p.m. 67.5% COHb. Note upright 
T wave with slight RT elevation. (D) 9:35 p.m. 79.5% COHb. Note RT elevation 
in Lead II, tall T wave in CRIV and presence of tachycardia. Ventricular rate is 200 
per minute. 


Electrocardiographic Observations. The earliest electrocardiographic 
change observed in an acute experiment (No. 473) at a COHb level 
between 40 and 50% COHb consisted in a decrease of the T wave 
(Fig. 1). The T wave became diphasic and sometimes negative at 
70%, and permanently negative when COHb increased from 70 to 
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75%. After respiration 'liad stopped, and artificial re.sj)iration and 
l)Iood transfusion were administered, the electrocardio^jram sliowed a 
2 : 1 atrioventricular block and a negative T wave as well as an elevation 
of the R-T segment. The block disappeared within 24 hours, but the 
T wave remained negative until the animal was sacrificed 4 days after 
the experiment. 

In the 2 animals of our second series which Avere transfused Avith 
erythrocytes satiirated Avith CO, and Avhich Avere studied electro- 
cardiographically (Nos. 23S/II and 239), the sole change in the electro- 
cardiogram consisted of an inA'ersion of the T AvaA'e. The highest 
COHb level obtained in Dog 238/11 AA-as 72 to 74.4% for 15 minutes; 
in Dog 239 it exceeded 75% for 45 minutes and reached 84.4 to 85.6% 
for 10 minutes. PIoAveAmr, the number of erythrocytes in the circula- 
tion Avas doubled in Dog 238/11 and increased 6.6 times in Dog 239, 
Avhich means that the oxygen combining poAver at tliis time was 
considerably higher than Avould appear from these percentages. In 
Dog 238/11, for instance, the CO-free hemoglobin did not amount to 
25.6 to 28% of the original quantity, but, since the number of erythro- 
cytes Avas doubled by transfusion, this dog had more than 50% of the 
original amount of CO-free hemoglobin. Similarly, Dog 239 had as 
much as 95% of the original amount. Obviously, then, the oxygen 
combining poAver Avas reduced by only about 50% in 1 dog and not 
more than 5% in the other. 

In the. chronic experiments, no electrocardiographic changes AA’ere 
observed during the 1st Aveek of the experiment (Nos. 737, 738, 739, 
740, 741, 744, 745). After the 2nd AA'eek the T Avave became negative 
in 1 CO poisoned dog (No. 739) and in 1 animal under decreased 0-2 
tension (No. 745) while another of this group (No. 738) developed an 
elcA^ation of the R-T segment. At the 10th Aveek the CO dog (No. 737), 
previously negative, dcA'eloped an iiiA'erted cone-shaped T AvaA'e. 
These changes continued unabated until the animals Avere sacrificed 
3 months after termination of the experiment. 

Morphologic Observations. Table 1 lists the aA'erage weights of the 
hearts and other organs often iiiAmh^ed in circulatory disturbances in 
all of our animals except Nos. 256 and 388, AAdiich died from intercurrent 
diseases. No. 368 AAdiich suft'ered from cardiorenal disease, and No. 744 
of AAdiich no body Aveight Avas taken at the end of the experiment. 
The heart AA^eiglits of the dogs in tlie chronic CO experiments Avere ^ 
slightly greater than those of our non-fatal acute experiments. This is 
in accord Avith the obserA^ations of Campbell,'’’ Aidio found a consider- 
able increase in heart Aveight in mice Avliich Avere exposed to chronic 
CO poisoning for 9 months. This' AA’as explained by an increase in 
Auscosity of the blood oAviiig to the increase in red cells. The increased 
heart weights Avhich Avere found in our fatal acute exjieriments Avere 
probably the result of passive congestion. 

Concerning the other organs, it can be learned from Table 1 that 
the lungs Avere enlarged in the 2 fatal experiments, and this increase 
amounted to 4 times the normal AA'eight in No. 239, the blood Amlume 
of AAdiich had been augmented 6.6 times. The kidneys Avere enlarged 
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in our non-fatal transfusion experiments as well as in both fatal experi- 
ments, while the spleen was enlarged in the non-fatal transfusion 
experiments, but not in No. 239. The changes in the fatal inhalation 
experiments seem to be explained by circulatory failure, while those in 
the fatal and non-fatal transfusion experiments appeared to be partly 
caused bj' the introduction of ’'the large quantities of blood. The 
failure of enlargement of the spleen in No. 239 was due probably to 
the earlj’^ death of this animal, the death occurring at a time when as 
previously observed^ the spleen was contracted as a result of acute 
oxygen want. 

( organ weiglit, gm.\ rr t t 

- — . or Heart, Lunc.s, Liver 

body weight, kilo / 

Kidneys and Spi.een in Our Various Experiments 
Noti-fcUal Experimcnis 



No. of 
dogs 


Averase weights 



Heart 

Lungs 

Liver 

Kidney.s 

Spleen 

Inhalation of CO, acute 

7 

7 85 

9 50 

32 2 

5 20 

2 1 

Transfusion with COHb, acute 

4 

7.70 

9,70 

28 0 

6 15 

3 6 

Inhalation of CO, chronic 

4 

8 70 

9 05 

30 4 

4 40 

2 0 

0: deficiency, chronic 

5 

8.20 

11 60 

31 6 

5 10 

2.2 

Inhalation of CO, acute 

Fatal Experiments 

1 8 80 16 10 

37 6 

7.00 

3.3 

Transfusion with COHb, acute 

1 

9.60 

40.70 

30.4 

7.10 

2 1 


The gross appearance of the hearts ivas essentially normal in all our 
chronic experiments and in the non-fatal acute experiments except 
in No. 473 which was studied electrocardiographically (see page 513) 
and sacrificed 4 days after the poisoning. In this animal we found 
extensive subendocardial hemorrhages throughout the left ventricle 
with special involvement of the papillary muscles. In Nos. 23S/I and 
239 which died from the experimental procedure the hearts were much 
dilated and filled with coagulated blood, and in No. 239 gross hemor- 
rhages were present throughout the endocardium of the left ventricle, 
the papillary muscles being particularly affected. Of the 2 dogs which 
died from intercurrent diseases. No. 388 showed marked dilatation of 
the heart with hemorrhages in the papillary muscles of the left ventricle, 
while No. 256 exhibited no more than acute parenchymatous degenera- 
tion. 

The microscopic examination of the hearts showed 2 types of altera- 
tions, namely, (1) hemorrhages and necroses and (2) what appeared 
to be degenerative changes of individual muscle fibers. Hemorrhage 
withoni necrosis was observed in the 2 acute experiments which ter- 
minated fatally at the end of the experimental period (Nos. 238/1 and 
239). One of these dogs had been poisoned by inhalation, the COHb 
level exceeding 75% for 3 hours, and 80% for 80 minutes. If no 
necrosis developed, this was probably due to the fact that the animal 
expired before anatomic changes could manifest themselves. The 
other dog (No. 239) had been poisoned by transfusion, the COblb level 
cxceedmg 75% for 45 minutes and S4.4% for 10 minutes. But in 
this animal the blood volume had been increased 6.6 times, that is to 
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say, the amount of CO-free hemoglobin still equaled about 95% of 
the original quantity (see page 514). Whether or not necrosis would 
have developed here, if the animal had lived long enough, is question- 



Fig. 2. — Dog 473. Killed 4 days after poisoning by inhalation. Note black areas of 
extensive subendocardial hemorrhage (A) and necrosis (B). (Mallory stain, X 92.) 



Fig. 3. — Same as Figure 2. Shows acute perivascular necrosis. (Mallory stain, X 149.) 

able. It is conceivable that the hemorrhages in this dog were due 
solely to the enormous quantity of blood which was eventually in 
circulation. 
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Hemorrhages as well as necroses were present in CO No. 473 (Figs. 2 
and 3) which was sacrificed, and in CO No. 388 (Fig. 4) which died 
from bronchopneumonia, both 4 days after an acute experiment. 
Necroses alone were found in Nos. 246 (Figs. 5 and 6) sacrificed 7 days 
after inhalation of CO, and Nos. 743 (Fig. 7) and 745 (Fig^S) sacrificed 
3 months after termination, of chronic Oa deficiency. Nos. 473, 388 
and 246 were all poisoned by inhalation, their COHb level exceeding 
75% for 1 hour or more. No. 473 was brought up to 76.7 %, No. 388 
to 82% and No. 246 to 90% COHb. 



Fig. 4. — Dog 388. Died 4 days after poisoning by inhalation from confluent broncho- 
pneumonia. Note dark areas of acute myocardial necrosis, (Hematoxylin-eosin, 
X 110.) 


The hemorrhages and necroses were scattered especially through the 
subendocardial layers of the left ventricle with particular involvement 
of the papillary muscles (Figs. 2, 5 and 7). Fresh areas of necrosis 
were deep red in color when stained with hematoxylin-eosin, and 
purple or blue with Mallory’s stain. In a good many places the 
necroses showed a definitely perivascular arrangement (Figs. 3 and 6). 
There were no leukocytes present at the time ivhen the hearts were 
examined, but early organization ivas observed in No. 388, early 
calcification in Nos. 246 (Fig. 6) and 745 (Fig. 8) and late calcification 
in No. 743 (Fig. 7). 

Of the 11 dogs which did not develop hemorrhages or necroses from 
acute poisoning, 7 never reached 75% COHb (Nos. 198, 233, 238/11, 
249, 256, 324, 368). The other 4 reached levels from 75 to 84.3%, 
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but -3 of these remained above 75% for only 15 minutes or less (Nos. 
258, 450, 615), while the fourth (No. 267) was kept above 75% for a 
little over ] hour; but in this experiment the CO was given by transfu- 
sion and there was a marked increase in the number of erythrocytes 



Fig. 5. — Dor 24G. ICilled 7 days after poisoniiiK by inlialation. Shows extensive 
necrosis in papillary muscle. (Hcmatoxylin-cosin, X 135.) 
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in tlic cimiliitiii"; blood so ibnl llu* finanlily oi (’O-lm' lu'inogioljin 
amounted to a greater pereeiitage than tlnit found in the animals 
which developed necroses. 

In 1 of the 2 chronic 02-deficient animals (No. 745), the necroses 
seemed to be fairly recent and were probably due to some pathologic 



Fig. 7. — Dog 743. Killed about 4 months after period of chronic O; deficiency. Slioivs 
old calcified necrosis (black) of papillary muscle. (Hematoxylin-eosin, X 132.) 



Fin. S.— Dog 745. Killed about 4 months after period of chronic O 2 deficiency. .Sliotvs 
darker calcified necro.sis of papillary muscle. (Hemato.v.vlin*eosin, X 1.32.) 
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process during the course of observation; while they appeared old in 
the other (No. 743) and were possibly due to an episode preceding 
the experiment. The dog showing recent necroses had had a negative 
T wave while alive; the other had not Ijeen studied electrocardio- 
graphically. 

The degenerative changes of hidwidval mvsele fibers wJiieh were men- 
tioned above were found in one normal control dog (No. 266) (Fig. 9). 
Of the experimental animals, Nos. 2.33, 23S/II, 256, 258, 324, 696 and 
741 seemed to be free of these changes, and Nos. 19S, 267, 368, 615 and 
744 were questionably free; but No. 450 which Avas poisoned by inhala- 
tion up to 83.3% COI'Ib was definitely positive, and there were marked 
degenerative changes (Fig. 10) in the chronic CO animals (Nos. 737, 
739, 740, 749) and the chronic Oa-deficient animal No. 738. 


Fic.. 9. — Dog 266. Control experiment. Longitudinal section. Altered muscle fiher.s 
staining bright orange appear black in photo. (Mallory .stain, X SOS.) 


The microscopic appearance of these changes is best studied in 
Figure 9, representing a longitudinal section. It can be seen that the 
changed portions of the fibers were narrow and hyaline in appearance; 
they stained deep red with hematoxylin-eosin, and bright orange with 
an overdifferentiated Mallory stain; and they tvere often limited to 
segments betAveen intercalated disks. The onlj' changes reported in 
the literature resembling these alterations seem to be those which 
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Orsos^® described as “vital reactions.” However, whether our changes 
were “vital” or artefacts coidd not be decided, though it is noteworthy 
that 3 of tliese dogs had presented electrocardiographic changes while 
alive (Nos. 737, 738, 739); 1 had not been studied electrocardiographi- 
eally (No. 749); and onlj" 1 showed a normal electrocardiogram 
(No. 740). 



Fig. 10. — Dog 739. Cross-section of myocardium. Altered muscle fibers, staining 
bright orange appear black in photo. (Mallory stain, X 13S.) 

If we turn now to the deposiiio7i of fat aiul hemosiderin which are 
often found in circulatory disturbances, it may suffice to say that no 
significant differences in the fat contents were found in the various 
organs in the various experiments, though the renal tubules and 
glomeruli contained more fat in the chronic experiments than in the 
acute ones. 

The amount of hemosiderin deposited in the spleen was found to be 
increased in the transfusion experiments, Vv-hich seems to be explained 
satisfactorily bj^ the introduction of so many erytlirocytes into the 
circulation. 

Discussion. Our findings in dogs closely resemble those obtained by 
previous investigators in experimental animals. Exposure to CO was 
followed first by decrease in amplitude of the T wave, inversion of the 
L wave, elevation of the R-T segment, and later by atrioventricular 
dissociation and A-\ heart block. The changes in the T warm and 
R-T segment appeared in acute experiments at a COHb level of 40%, 
while heart block was observed only when the COHb ler-el exceeded 
7o%. After a certain length of time, all animals maintained at this 
level collapsed, and there was evidence of respiratory failure and 
cerebral damage. These observations were confirmed in subsequent 
exjjenmcnts which will be reported elsewhere. 
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In chronic experiments T-wave clianges appeared after the 1st week 
of exposure to CO in 2 animals Avhich manifested a COHb concentra- 
tion of 21 %. 

Morphologic examination of the hearts revealed hemorrhages and 
necroses in the myocardium of all animals the COHb level of Avhieh 
exceeded 75% for 1 hour or longer; Avhile those Avhich remained beneath 
75%, or exceeded this level for only 15 minutes or less, did not develop 
so seA'ere alterations. Some of the latter, hoAvever, shoAved Avhat 
appeared to be degeneratiA-e changes "of individual muscle fibers. 
These AA'ere most prominent in our chronic CO experiments. 

It thus appears that in dogs se\'ere changes in the myocardium, are 
produced only if the CO concentration exceeds 75% and is maintained 
at this level for not less than betAveen 15 minutes and 1 hour; Avhile 
moderate alterations Avere obserA’ed folloAving chronic exposure leading 
to a COHb concentration of 21 %. 

It had been noted by preidous observers that the electrocardiographic 
changes from CO poisoning clo.sely resemble those observed in anoxia 
AA'hether induced by Oo deprivation, pituitrin or adrenalin in- 
jection,® exertion,'*-® anemia,^ high altitude®® or fear.®*^ A similar 
resemblance Avas found to exist betAveen the morphologic changes in 
CO poisoning and those produced by anemia, exertion, or Ioav O 2 ten- 
sion.®-^-®® Klebs,®® on the other hand, has pointed out that in man in 
CO poisoning, in contrast to asphyxia, no pleural hemorrhages Avere 
found; and Drinker'® has noted that in CO poisoning ner\’ous symp- 
toms iiiA'ariably occur before respiratory symptoms, Avhile in asphyxia 
the latter preceded the former. Though these observations cannot be 
disregarded, it seems that they do not speak against an anoxic nature 
of CO poisoning, for here Ave deal Avith a sloAvly rising concentration 
of CO in the blood, resulting in a sIoav asphyxiation; Asdiile the cases of 
anoxia AA’hich Klebs and Drinker had in mind possibly Avere those of 
sudden catastrophe or violence resulting in almost instant death 
of the patient. 

Summary. All experiments Avere performed upon dogs. Acute CO 
poisoning Avas produced in some animals by inhalation of the gas and 
in others by intraA'enous introduction of erythrocytes saturated Avith 
CO; AA'hile chronic poisoning AA-as effected by exposure to 0.01 a'oI. % CO 
for 5f hours daily OA-er a period of 11 Aveeks. ■ As a control, chronic 
anoxia Avas produced in other animals by exposure to an atmosphere 
containing only 10 a'oI. % O 2 . 

The electrocardiographic changes obserA'ed Avere iiiA’ersion of the 
T AvaA'e, elevation of the ll-T segment, atrioventricular dissociation, 
and A-V heart block. The morphologic changes included certain 
degenerative changes of individual muscle fibers, as Avell as hemorrhages 
and necroses of the myocardium. While the changes in the T AvaA'^e 
and R-T segment and the degeneratiA^e changes appeared as early as 
at 40% COHb in acute experiments, or at 21 % COHb or an cc|uivalent 
O 2 deficiency in chronic exposure, heart block and myocardial hemor- 
rhages and necroses Avere observed only AA'hen the COHb leA'^el exceeded 
75% for 1 hour or longer. 
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It. wjis link'd llial llic cK'nlrocardioffnijjliic aiul iiinrpliolnific cliaufU'S 
of tlie heart in CO }x)i.soning closely resemble those observed in anoxia 
due to other causes. 

The authors are indebted to Dr. David L. Drabkin for the spectro photometric deter- 
mination of the COHb level of the experimental animals described in this paper. 
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ACUTE LARYNGOTRACHEOBRONCHITIS: A 25 YEAR REVIEW 

By Major A. Harry Neffson, M.C., A.U.S. 

Significant literature coiicerniiig acute laryngotraclieobronchitis first 
appears in the wake of the 1918 pandemic of influenza. Having been 
accustomed to regard cases of acute laryngeal obstruction as invariably 
due to diphtheria, the early writers were surprised to find that a number 
of patients with acute obstructive infections of the laryngotracheal air- 
way did not follow the usual clinical course of a diphtheria patient treated 
with antitoxin and, moreover, showed no Klebs-Loeffler bacilli on culture. 
Thus, it seems that it required the impact of an epidemic of influenza, 
with its striking complications involving the respiratory tract, to awaken 
the medical profession to the need for a critical reexamination and over- 
hauling of their traditional ideas concerning so-called “croup.” This was 
25 years ago. Since then many changes have occurred in our conception 
of this disease. 

It is the purpose of this review to trace these changes in our conception 
of the various aspects of the disease — namely, as regards the nomenclature, 
bacteriology, pathology, symptomatology, diagnosis, supportive and 
specific treatment, operative and postoperative therapy and the recogni- 
tion and treatment of complications. 

Historical, The first references calling attention to acute laryngeal 
obstruction caused by organisms other than the IClebs-Loeffler bacillus 
are scattered case reports. McNab’® (1915) reported 1 case with mem- 
brane which on culture yielded only Strcjj. hcmolyticus; Morris’® (1917) 
reported 3 cases of laryngeal stenosis as a complication of measles — all 
3 died; Gardner®® (1918) reported 3 cases of necrotic and exudative inflam- 
mation of the larynx, trachea and bronchi caused by the Staph, ptyogcnrs 
mireiis — all died and showed pneumonia on postmortem examination. 
Lewis®®'®^ (1918) reported 164 cases of membranous croup of which 61 
were clinically diphtheria and 52 also bacteriologically diphtheria; in the 
rest (103 cases) only streptococcus Avas found. He said that cases of mem- 
branous croup are generally mistaken for diphtheria, whereas the strepto- 
coccus is the causative agent. He suggested the elimination of the term 
"croup” and “membranous croup” as misleading, and- urged the use of 
the term “ larjmgitis.” In the same year (1918) Gover^® reported 96 cases 
of “membranous croup” of which 40 showed negative cultures for diph- 



therla; also 74 cases of “non-raembranous croup” in which 54 showed 
cultures negative for diphtheria. He stated, “It has been felt that in 
the past many of the croup cases were not diphtheritic, but only a catar- 
rhal larjTigiti's.” Ljoiah''® (1919) said, “ During the recent pandemic of 
influenza I had an opportunity to study the laryngeal and tracheobronchial 
pictures in influenzal patients. Some were supposed to have diphtheritic 
laryngitis until laryngoscopy showed otherwise. During routine direct 
examination of croup cases in the Willard Parker Hospital they \vere 
surprised to find no membrane present.” In 1921, Jackson” and Purcell^ 
each reported a case of laryngeal stenosis not caused by the diphtheria 
bacillus. Thomson'®® (1922) reported that out of 810 patients admitted 
to the Willard Parker Hospital with a diagnosis of laryngeal diphtheria, 
113 had “ acute stenotic lar^mgitis” due to measles, scarlet fever, influenza, 
and other infections. In 1924, Smith’®® reported 4 cases in which only 
Sircp, hemolyiicus was found and Lynch®’ reported 5 patients tracheoto- 
mized because of larjmgeal obstruction, in all of whom only Staph, alhus 
was cultured. In the same j'^ear Baum® reported 4 patients with laryngeal 
obstruction requiring tracheotomy in whom the causative agent was 
Strep, hcmohjiicus; he designated this condition as acute laryngotracheo- 
bronchitis, which presumably is the first reference to this term in the 
literature. In 1925 Dixon®® reported 1 case due to streptococcus and 
staphylococcus, and Strachan’®® reported 3 cases due to Sircp. hemolyticm, 
staphylococcus and B. inflricnzse with fatal results. In the same year 
(1925) Lends®-®® reported 4 deaths from membranous laryngotracheo- 
bronchitis complicating scarlet fever and caused by streptococcus. In 
1926 Daily®' reported 1 case and Allen and Husik^ reported 2 cases of 
laryngeal obstruction requiring tracheotomy, in which the diphtheria 
bacillus was absent. Gittins” (1926) reported 14 cases of non-diphtheritic 
larjmgeal obstruction, mostly due to streptococcus. In 1932 he said, 
“The Klebs-LoefSer bacillus is blamed for many conditions it doesn’t 
cause. In 1920 we realized for the first time tlnit there are non-diph- 
theritic infections of the larynx, trachea and bronchi in which the onset 
and symptoms simulated diphtheria, but in which antitoxin gave no relief 
and the mechanical obstruction belorv the cannula was decidedly' more 
troublesome than in diphtheria.” Tucker”' and Hart®® (1927) each 
reported a case due to a non-diphtheritic infection, that of the former 
requiring tracheotomy. In 1928 Baum® reported 24 cases of acute larjmgo- 
tracheo bronchitis in children. In his discussion of Baum’s paper, Forbes®® 
asks, “Is acute laryngotracheobronchitis a comparatively new picture? 
Was it common before the ^eat influenza pandemic 10 years ago? Wbj" 
doesn’t this serious complication of our seasonal epidemic respiratory 
infection receive more attention in our recent textbooks? (This question 
is still a valid one today.— Ed.) Fifteen years ago we were tauglit in 
medical schools that laryngeal diphtheria is about the onb^ disease requir- 
ing intubation In Denver in 8 years I have not treated 1 case of 

laryngeal diphtheria, but I’ve seen 15 cases of acute laryngotracheobron- 
chitis requiring surgical intervention.” . 

With this report by Baum,® in 1928, may be said to have come to an 
end the ear!y_ phase of the conception of this disease. Since that time 
notable contributions to the various aspects of this subject liave been 
made by Arden and Duhig,’ Baum,®"'® Brennemann et a/.,'® Davison,®® •®« 
Galloway,®® Gilbert et Gittins,”-" Holinger,®®-®® MacCready,®®-®® 

Michels, ®®-®« Neffson and Wishik,®’-®® Orton ct a/.,®’ Richards, ®®-8® Sinclair, 
Tolle”® and others. These will be noted under the proper headings. 
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Nomenclature. Since Biuim’.s siisr!re.sli()n in 1921, llie term “;icn1e 
laryngotriicheohroncliitis” li.ns been coniin.i; into jienei-al iicceptance ,:i.s a 
(lesij^nation for this condition. Tlial this name is not completely .satis- 
factory, however, is apparent from the statements of se\'eral writers. 

Richards* (1933) stated, “We have been able to formulate a definite 
disease entity from a clinical and pathologic study of 11 cases recently 
encountered .... fulminating laryngotracheobronchitis.” 

Neffson and Wishik®' (1934) defined the term “croup” as the symptom- 
complex due to any stenosis of the laryngotracheal air passages and pro- 
posed the term “acute infectious croup” to include all those cases of 
respiratory tract obstruction that were due to infection. Further, to 
those obstructions not caused by diphtheria, they gave the general desig- 
nation “acute non-specific infectious croup” which included acute laryn- 
gitis, acute laryngotracheitis and acute laryngotracheobronchitis. More- 
over, they urged that in describing each particular case, both the etiology 
and the extent of involvement he given whenever possible, r. g., acute 
streptococcic laryngitis, acute staphylococcic laryngotracheitis and acute 
pneumococcic laryngotracheobronchitis. They warned of the tendency 
of certain workers to include relatively mild cases of laryngitis and laryngo- 
tracheitis in the more serious group of acute laryngotracheobronchitis, 
“which is characterized by extreme subglottic swelling associated with 
profuse secretions poured out from the entire extent of the tracheobronchial 
tree;” and they pointed to the .... “value of an anatomic grouping from 
the standpoint of therapj', prognosis and as a basis for comparing results 
of different workers.” They also differentiated these cases when they 
occurred as complications of the e.xanthemata. 

Brennemann ef aJ.^^ (1938) stated, “A sharp differentiation according 
to the precise nature of the involvement in a given case is not always a 
simple matter, especially as one must find its exact place in a series of 
manifestations that range in severity all the way from simple catarrhal 
laryngitis to rapidly fatal fulminating laryngotracheobronchitis.” Brigh- 
ton^® (1940) wrote, “Only cases requiring tracheotomy should be con- 
sidered as acute laryngotracheobronchitis.” Orton li uiy'- (1941), how- 
ever, included cases in which surgical procedure was not needed. . They 
said, “Every child with acute laryngitis is potentially a victim of acute 

lar^mgotracheobronchitis until proven otherwise In the early cases 

it is hard to differentiate them; after improvement it is also hard to tell 
them apart. Beginning as acute laryngitis, it may stay that way or go 
on to acute larjmgotracheitis or acute laryngotracheobronchitis.” 

Gilbert et (1941) stated, “Failure to standardize the nomenclature 
constitutes a challenge to those re.sponsible for the care of patients Avith 
this disease. This challenge may be considered answered only after a 
proper classification of croup has been accepted A practical classifi- 

cation should automatically yield a clue to the appropriate management 

as Avell as to the immediate prognosis in each case of croup The term 

‘croup’ designates a state of obstruction to the entrance of the air into 
the lungs as a result of an inflammatory process in the larynx or extending 
to the lower respiratory tract. There are two main types, diphtheritic 
and nondiphtheritic The term ‘acute obstructive laryngotracheo- 

bronchitis’ is used in preference to ‘acute laryngotracheobronchitis’ or 
‘ acute fulminating laryngotracheobronchitis,’ because the element- of ob- 
struction is the predominant feature ‘Acute hemorrhagic necrosing 

tracheobronchitis,’ associated with ‘acute hemorrhagic. pneumonitis’ (so- 
called ‘inflammatory pneumonitis’), but Avithout subglottic edema should 
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not be included. Pneumonia with associated mild catarrhal inHammation 

of the laryngotracheobroncliial tree is excluded Recently obstructive 

laryngotracheobronchitis has enjoyed prominence in the literature to the 
exclusion of most other varieties of croup. Careful analysis of the related 
pathologic conditions, symptoms and clinical data reported leaves con- 
siderable doubt as to the accuracy of diagnosis in some cases At 

present all types are placed in the group of acute laryngotracheobronchitis 
regardless of Avhether they Inn-e bronchial or pneumonic involvement or 
not.” They present a “comprehensive classification” as follows: “Non- 
diphtheritic croup”: («) acute catarrhal laryngotracheitis, {(>) supraglot- 
tic edematous obstructive laryngitis, (e) subglottic obstructive laryngo- 
tracheitis — (1) edematous type and (2) exudative or inspissated type — and 
{(I) acute obstructive laryngotracheobronchitis. 

Gittins'*^ (1942) uses the term "infectious laryngotracheobronchitis” 
and calls the condition a symptom-complex. He classifies laryngotracheo- 
bronchitis into four types: infections, traumatic, allergic and spasmodic. 
The infectious type he subdivides into " (o) nonspecific (streptococcus, 
staphylococcus, influenzal, pneumococcus, etc.) and {h) specific (dipli- 
theria).” 

MacCready"^ (1944) wrote, “In view of the pathology it seems unwise 

to refer to any of these cases, even the milder ones, as laryngitis alone 

The only patients in this scries which fall into this group (larxmgitis) died 
from profound inHammation of the glottis, before it had time to extend to 
the trachea and bronchi.” (This seems to be a rather dangerous assump- 
tion, because cases of acute edematous obstructive laryngitis are often 
self-limited.— Ed.) 

Baum^° (1944) said, “ It (acute laryngotracheobronchitis) is not a specific 

clinical entity, but a symptom-complex There is a primary infection 

with the virus of influenza and a secondary invasion by the streptococ- 
cus It is a symptom-complex of different degrees of severity.” 

Holinger,® discussing Baum’s paper, asked, “When is it acute laryngitis 
and when acute laryngotracheobronchitis?” He said that pulmonary find- 
ings are an essential factor in the diagnosis and also stressed the disease 
as a symptom-complex. 

Thus, it is evident that there is still need for agreement on an all- 
inclusive, general term denoting acute non-diphtheritic infectious obstruc- 
tion of the laryngotracheobroncliial airway, with («) specific anatomic 
subdivisions indicating the extent of involvement and {b) possibly also 
pathologic descriptions of the cause of the obstruction. Acute laryngo- 
tracheobronchitis is only one phase of the Avhole picture; if used correctly 
the term describes the most severe and dangerous affection found in this 
condition. However, its frequent and casual application to cases with 
mild, moderate or even severe involvement of the larynx and trachea only, 
has led to much confusion when comparing types of therapy, prognosis and 
results of different workers. 

_ That this disease is not a clinical entity, but rather a symptom-complex 
is-gradually becoming apparent. 

'iBacteriology. Many organisms have been implicated as the agents in 
this disease. Not only have they varied in different localities, but also at 
different periods in tjie same locality. Since many of these cases occurred 
during epidemics ol influenza, which at one time was thought to be caused 
by the B. inflvcnzx,^ it was only natural for many to belicA^e that tliis 
organism was the prime factor. How'cver, since recent work has shown 
influenza to be caused by a virus, opinion has been ^'eering to the view 
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that the various organisms recovered in this disease are merely secondary 
invaders in a soil made fertile by the virus of influenza. Some confusion 
has resulted from the fact that some Avriters still think of the B. influenzx 
as the etiologic agent in true influenza. 

Chronologic reports of the bacteriology in this disease follow: McNab’® 
(1915) 1 case— streptococcus; Gardner®® (1918) 3 cases— Staph, aureus; 
Lewis®^ (1918) stated that streptococcus is the most common organism 
found; Smith'®® (1924) 4 cases — Strep, hcmolyticus; Lynch’' (1924) 5 cases 
— Staph, albus; Lewis®® (1925) 4 deaths in scarlet fever with larjmgeal 
obstruction — Strep, hemolyticus; Dixon®® (1925) 1 case — streptococcus and 
staphylococcus; Strachan'®® (1925) 3 cases— all died — Strep, hemolyticus, 
staphylococcus and B. influenzx; Gittins"" (1926) 14 cases — streptococcus 
predominating, with staphylococcus and pneumococcus less frequently, 
B. influenzx occasionally; Hart®® (1927) 1 case — Strep, non-hemolyticus; 
Leigh®® (1927) 4 cases — staphylococcus, pneumococcus and streptococcus; 
Berry'® (1928) 1 case — died — Staph, aureus hemolyticus. In 1930 Cultra 
and Streit®® reported 13 cases in which the predominating organism was 
the staphylococcus ; Bradford and Leahy'^ reporting 28 cases found mostly 
Strep, viridans, only 5 % Strep, hcmolytictis. Prom Australia in the same 
year (1930), King®' reported 1 case in which no Klebs-Loeffler bacilli were 
found; Mathew’® reported 4 cases with Staph, aureus; Beare" reported 
10 cases — 8 Staph, aureus and 2 pneumococcus. Richards®® (1933) found 
Strep, hemolyticus in pure culture in all cases that came to postmortem 
examination; staphylococcus and pneumococcus were occasional secondary 
invaders. Neffson and Wishik®® (1934) reported the bacteriology in 254 
cases as follows: Pure cultures — Strep, hemolyticus in 72 cases, Strep, 
viridans in 45 cases, Staph, aureus in 13 cases, B. influenzx in 3 cases; some 
type of streptococcus, alone or combined with other organisms, was found 
in 234 cases (92 %) ; Strep, hemolyticus, alone or in combination, in 177 cases; 
Strep, viridans, alone or in combination, in 130 cases; Staph, aureus, alone 
or in combination in 71 cases; B. influenzx, alone or in combination, in 
10 cases. Smith'®' (1936) reported 43 cases with Strep, hemolyticus in 26, 
Strep, viridans in 23, Staph, aureus in 17, pneumococcus in 5; in 4 fatal 
cases Strep, hemolyticus and Staph, aureus were recovered. Jackson®® 
(1936) stated that the streptococcus was found in over 90 % of the cases, 
the B. inflsienzx in 5%. From Puerto Rico, Font and Ortiz®® (1939) 
reported 6 cases due to the Staph, auretts hemolyticus — 3 died; they stated 
that there was no apparent difference between these cases and the ones 
caused b^^ the Strep, hemolyticus. Neffson and Bullowa®® (1938) reported 
a case of acute laryngotracheobronchitis with septicemia, meningitis and 
endocarditis due to B. influenzx. Sinclair'®' (1941) reported 10 cases of 
larjmgitis with septicemia due to H. influenzx type B. In these cases 
severe prostration accompanied the larjmgeal obstruction. He quoted 
Pittman®® who found that the pathogenic strains of B. influenzx are usu- 
ally encapsulated and the capsules have a specific soluble antigen which 
renders them capable of differentiation into the serologic types A to F. 
The majority of strains isolated from influenzal meningitis are type B. 
Sinclair showed that the septicemias with laryngitis were due to type B. 
De Navasquez®' (1942) also cited a case of laryngitis with septicemia due 
to H. inflxienzx type B. Orton et al.^^ (1941) reporting 45 cases found 
streptococcus in 11, streptococcus and staphylococcus in 13, streptococcus 
and pneumococcus in 10, staphylococcus in 4, pneumococcus in 2, strepto- 
coccus, staphylococcus and pneumococcus in 4, staphylococcus and pneu- 
mococcus in 1. Neffson®® (1942) tracing thejncidence of bacterial infections 
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in 126 tracheotomized cases during 1931-1940, found that there was a 
remarkable increase in the frequency of Siaj^h. mircns infections since 1938; 
in fact there were* twee as many infections with the Sfa2)h. avreiis as with 
the Sircii. hemolytiens during the period 1938-1940. On the other hand, 
during the period 1931-1934 there were 5 times as many infections caused 
by the Strejj. hcmolyiicus as due to the Siaj^h. aurevs. Walsh^’^ (1944), 
reporting 101 cases, found tlie predominating organism to be a staphylo- 
coccus combined with streptococcus and pneumococcus; also some B. inflv- 
enzx and 1 B. fricdlandcr. MacCready'-'’ (1944) reported that 3 cases due 
to B. inflvrnzx were treated in 1931 and 4 cases with septicemia due to 
H. hiflvcjiza; type B were seen in 1941-1942; he states that there were 
none in 1943, but there were many with pneumococcus type 6. Arden 
and Duhig' (1944) report 5 cases in which Staj)Ji. a7ircns was recovered; 
there were 3 deaths; in 2 of these there was a necrotic laryngotracheo- 
Iwonchitis, in the other severe supraglottic edema. 

Discussing a paper by Gittins in 1936, Baum" expressed the view that 
the basic cause of acute laryngotracheobronchitis was the filtrable virus of 
influenza. 

Brighton’^ (1940) called attention to an almost identical disease of 
chickens — infectious laryngotracheitis — as shown by Beech’- in 1931. He 
suggested that acute larjmgotraclieobronchitis in humans is the result of 
a virus infection with secondary invasions of the various bacteria which 
we have found. (Beech stated that there was in use a successful virus 
vaccine against this disease in chickens.) 

Neffson®® (1940) stated that there was a strong possibility that the recent 
epidemic may have been caused by a ^^^us infection ndth secondary 
invaders, because (a) the laryngologic picture, wth the more than usual 
amount of supraglottic edema and the tendency to ulceration, was similar 
to that found in measles, (6) the organism recovered was the same — 
Stayh. aureus, and (c) the W.B.C. count was depressed just as in \drus 
infections. 

MacCready'^ (1940) stated that acute larj-ngotracheobronchitis occurs 
sporadically during influenza and measles epidemics; furthermore, he said, 
“ It used to be thought that the streptococcus was a factor, but now it is 
felt to be an influenzal type of infection with secondary invaders.” 

Orton ci oL®’ (1941) stated that they found no proof of virus infection, 
but the low blood count in some cases suggested virus disease. 

MacCreadj"’® (1944) asserted, “ While the \drus may initiate the process, 
the symptoms produced by the bacterial or secondary infection may not 
necessarily occur concomitantly. They may not appear for 1 or 2 weeks. 
This directs most of the attention to the bacteria as the etiologic agent 
which it is necessary to combat in this disease. When pneumococci are 
present as the pathogens the picture is apt to be not as severe as -with 
other pathogens .... the Staph . aureus is ... . only a contaminant.” He 
states that the H. influenzse type B causes the most serious symptoms and 
he suggests that it may bear a closer etiologic relationship to this disease 
than any of the other pathogens commonly found. 

Arden and Duhig’ (1944) reasoned that the fact that so many organisms 
have been incriminated and the similarity of this disease to that of laryngo- 
tracheitis in virus infections of chick embryos shows the close identity be- 
tween the two diseases. From histologic studies (to be described later under 
Pathology) and comparisons with infectious laryngotracheitis and influ- 
enzal virus infections in chick embryos, as shown by Burnet and Folley,’® 
they conclude that, “ . we believe that we are dealing with a disease 
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whicli has a specific and uniform pathology, which cannot l)e accounted 
for by any bacterial infection, but which .... is due to a virus . . . . 
(which) .... is not an influenza Aorus .... though there may be some 
relation between the two viruses.” 

Pathologic Anatomy. 'Winternitz ci (1920), describing the pathol- 
ogy of influenza, stated that the mucosa of the trachea and bronchi is very 
red, covered with e.xudate and shows superficial ulceration, which does not 
result in scarring. The bronchioles are full of e.xudate and pus and 
ulcerations here often extend to the submucosa and the muscular layer; 
the ulceration may be local or the entire circumference of the tube may be 
involved. The inflammation occasionally extends down to the duct of 
the mucus gland, which is involved in an aplastic inflammatory reaction. 
In the early stages there is an outstanding al)sence of polj’morphonuclear 
leukocytes. 

Cultra and Streit-® (1930), reporting 13 cases, described exudation of ii 
thick sticky mucus and swelling of the larynx. The mucosa was con- 
gested and beefy red in appearance. They said that the dyspnea and 
cyanosis are caused by bronchospasm and the gluing together of the 
lumen. Beare'^ (1930) described 5 cases that came to postmortem exam- 
inations; there was intense inflammation of the larynx and trachea and a 
patchy atelectasis and emphysema of the lung. 

The first comprehensive description of the pathology of acute laryngo- 
tracheobronchitis was given by Richards®** in 1933. He stated that the 
changes were essentially those of an acute descending inflammation of the 
upper respiratory tract with the extent of the involvement depending upon 
the duration of life after onset of sj'mptoms. He described (1) a diffuse 
acute cellular infiltration and destruction of the walls of the larynx, 
trachea and bronchi — the histologic picture being comparable to that of a 
cellulitis of the skin; (2) a second type of lesion was seen in the destruction 
of the mucosa and the masking of the mucosal surfaces by fibrin and 
purulent e.xudate; (3) in those cases where a superimposed infection with 
staphylococcus occurred, a more marked destruction of the mucosa and 
wall of the trachea was noted as a manifestation of the necrotizing charac- 
teristics of that organism ; (4) in the lungs there was peribronchial reaction 
and polymorphonuclear infiltration of the alveolar walls. He mentions a 
case in which a child died suddenly .54 days after the original infection. 
Postmortem examination showed that the mucosa of the trachea had ijeen 
repaired and replaced by stratified squamous epithelium ; there was slight 
peribronchial infiltration and some mediastinal emphysema. 

Neffson and "Wishik®® (1934) described the “living pathology” as con- 
sisting of edema, e.xudation, membrane formation and spa.sm. The edema 
and congestion may be limited to the supraglottic or the subglottic struc- 
tures, or may involve both and extend dovTi to the bronchi. The exuda- 
tion varies in amount and character. In mild cases it is scant or absent; 
in severe cases, Avith mA'oh^ement of the trachea, bronchi and bronchioles, 
exudation is ahvays profuse, usually thick and tenacious, and sometimes 
so ropy that it cannot be e.xpectorated. If it is not removed it becomes 
gummy, often hindering the separation of the Amcal cords and plugging the 
subglottic regions. In this region it can become dry and hard and resemble 
a foreign body. Membrane is found in .seA'ere infections, but this is usu- 
ally thin. In more A-irulent infections, thick membrane, indistinguishable 
grossly from diphtheritic membrane A\"as remoA'ed from the larjmx, trachea 
and bronchi. Postmortem examinations in 12 out of the 19 fatalities in 
their series of 400 cases shoAA-ed pneumonia, atelectasis, emphysema, 
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(Mupyc-ni!!, iiu'diastinitis, niyoearditis and varimjs otiior lesions sccoiulary 
lo seplicoinia. They also deserihed (lie inovl>id anatomy in measles with 
laryngitis Irased on neevopsies on 5 patients. In 4 eases there were exten- 
sive ulcerations of the larynx and trachea with exposiirc and.ero.sion of 
the laryngeal cartilages and tracheal rings; pseudoineinhrane covered 2 of 
these nleeratcd areas, hlxtensive bronchopneinnonia was present in all 
0 cases. It was also noted that in tlicse patient.s there was a greater 
degree of supraglottie edema than iii the usual run of non-specific cases. 

Jackson and Jackson'^® (IfiSG) described redness, swelling, secretion, the 
dromiing of the patient in his own secretions, and crust formation, llich- 
ards®' (1938), commenting on the low incidence of olxstructing crusts, 
said this “ . . . . may have been due to more zealous attempts to provide 
adequate moisture in the inspired air or to the use of solvents instilled 
directly into the trachea .... associated with a lowered virulence of the 
infection and a fortunate absei^ce of a secondary invasion by the staphylo- 
coccus.’' ClerP (1939) stated that “The greatest pathologic finding is 
the marked subglottic swelling.” 

Brennemann ct (1938), in an excellent description, stated, “The 
first signs of obstruction arc usually due to the marked inflammatory 
swelling and edema. of the loose subglottic tissue. If infection spreads, 
the same series of changes occurs in the trachea and bronchi except that 
with a less loose submucous tissue there is less swelling. The irritation of 
the infection is presumably the cause of the increased secretioiii of the 
tracheobronchial glands, the secretion being at first serous and later 
mucous. As the infection continues, not only are edema and acute 
inflammatory cells present in the submucous tissues, but other changes 
occur, such a.s extravasation of fibrin, fibrinoid degeneration of the con- 
nective tissue and lymphatic and capillary thrombosis. Simultaneousl.v, 
the infection may ca\isc necrosis of the epithelium, and exiidate, fibrinous 
or fibrinopuruient, may lie discharged onto the surface and become 
intimately mixed with the mucus which is being secreted It is appar- 

ently the mixture of mucus, fibrin, pol.vmorphonuclear leukocytes and 
degenerated epithelial cells which make the t.vpical gummy, ropelike exu- 
date and the crusts. The mucous glands and excretory ducts seem to 
offer moderate resistance to the infection and hence do not appear to be 
altered anatomically early in the disease. As the disease progresses to its 
later ant! more severe stages, however, sufficient damage ma;^' be done to 
these glands themselves to cau.se various degrees of degeneration and 
necrosis. When sufficient glaxrdular damage has occurred, no further 
mucus is secreted, and gra.v fibrinous or fibrinopuruient exudate is dis- 
charged on the necrotic .surface, producing the flry, glazed appearance 

noterl grossly at bronchoscop.v and at autopsy Apparently this 

sustained glandular integrity and function, as judged from the broncho- 
scopic picture and the presence of relatively little- anatomic glandular 
change, as compared witli that of the surrounding tissue, until noticeably 
late in the disease, are somewhat different from the changes which occur in 
diphtheria, in which, according to Councilman, Mallory and Pearce,-^ the 
glandular necrosis is almost specific and may take place with little damage 
to the surrounding tissue. The principal difference, however, is in func- 
tion, with undoubted stimulation in tracheobronchitis and suppression in 
diphtheria, the suppression being possibly due to the action of the soluble 

toxin in diphtheria The ropelike secretions and the dried crusts cause 

partial or complete obstruction to the bronchi and to the bronchioles, with 
resulting atelectasis and compensatory emph^'sema or. obstructive emphy- 



sema, the type depending on the degree of occlusion. Spontaneous pneumo- 
thorax may occur from rupture of an emphysematous bleb. Pulmonary 
edema, interstitial pneumonia, lobular pneumonia and septicemia are 
common complications in fatal cases.” 

MacCready'^2 ( 1940 ) stated, “Histologically the mucosa is destroyed 
over large areas and replaced by fibrin, mucus and red cells. The sub- 
mucosa is edematous and congested. Similar changes occur in the smaller 
bronchioles. When B. influenzas, was recovered the pathologic picture 
was less marked than with streptococcus; with the staphylococcus, necrosis 
is more pronounced.” 

Grier'*^ (1941) described a characteristic mediastinal enlargement in 
acute laryngotracheobronchitis. The enlargement was found in the supe- 
rior mediastinal shadow. It was symmetric and projected on both sides 
of the spine, the edges usually being concave, but occasionally straight. 
He differentiated this from the thymus shadow which is almost always a 
bulging shadow with convex borders. 

Orton ct al.^^ (1941) reported their findings in 8 postmortem e.xamina- 
tions as follows: Crusts and mucopus were found in the nose; the pharynx 
and tonsils were inflamed; the mucosa of the larynx, trachea and bronchi 
were red and swollen, with thick, somewhat adherent, mucopurulent 
exudate which separated easily from the underljdng tract and left no 
gross area of erosion. The smaller bronchioles were red and contained 
glairy, bloody material. The glands at the hilus of the lungs and along 
the trachea and bronchi were enlarged and congested. The lungs showed 
patchy consolidation and the bronchioles contained tenacious mucopus. 
On microscopy the smaller bronchi were found filled with pus and the 
walls infiltrated with polymorphonuclear leukocytes. The lining epithe- 
lium was degenerated or missing in places. The alveoli surrounding these 
bronchi were distended with purulent exudate. The walls were swollen, 
the lining ulcerated, and the alveoli partly collapsed. There were areas 
of atelectasis, emphysema and bronchopneumonia. Thej' stated that in 
streptococcic infections there is fiery redness and swelling of the subglottic 
and tracheal regions, while the true cords may show very little reaction. 
Later, necrotic and gangrenous pseudomembranes may be seen extending 
dovm to the tracheal bifurcation and into the main laronchi. First it is 
the subglottic edema. Later the membrane which causes the obstruction. 
In staphylococcic infections the inflammation is accompanied by the for- 
mation of dirty gray, thick, tenacious plugs which tend to dry and crust 
and rapidly cause marked progressive obstructive symptoms. Six of their 
62 patients had a pseudomembrane in the larjmx. Removal of these 
crusts leaves no mucosal necrosis, which occurs later in streptococcic 
infections. 

Gilbert et aU° (1941) found that, in the subglottic e.xudative or inspis- 
sated type, the vocal cords are immobile, being separated by exudate or 
crusts with relief on remoA^al of these obstructions. In the edematous 
type, the obstruction is due to edema and the interference with motion of 
the cords, preventing complete abduction. In acute obstructive laryngo- 
tracheobronchitis the tracheal lumen is so narrowed at times as to make 
the passage of the bronchoscope difficult or impossible. Patients with 
subglottic edematous obstructive laryngotracheitis can enjoy relief and 
progress favorably for several days after tracheotomy; then the airways 
wall become obstructed with thick exudate Inasmuch as the transi- 

tion is incident to the secondarj’- infection, cases in which this occurred are 
not included in acute obstructive larjmgotracheobronchitis. They state 
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that in supraglottic edema the lingual surface of the epiglottis is more 
involved than the laryngeal surface. They believe this type to be self- 
limited. (I concur in this observation, contrary to the opinion of some, 
r, //., MacCready. — Ed.) 

Neffson**** (1942) presented sections of the laryn.x, trachea and bronchi 
demonstrating the follovnng: metaplasia and ulceration of the epithelium 
and infiltration of the submucosa, mucous glands and muscles with plasma 
cells; necrosis of the epithelium and membrane formation; diffuse cellular 
infiltration of the tracheal bifurcation with monocytes and polymorpho- 
nuclear leukocytes and fibrinopurulent exudate replacing the epithelium 
and the necrotic duct of a mucous gland. In a case of measles with ulcera- 
tive laryngotracheobronchitis there was seen diffuse infiltration of the 
larynx, trachea and bronchi with plasma cells, denudation of the epithe- 
lium, infiltration and destruction of the mucous glands with desquamation 
of the glandular epithelium. In a case of scarlatinal laryngotracheo- 
bronchitis the larynx showed denudation of the epithelium, generalized 
edema, and diffuse polymorphonuclear infiltration extending down to the 
perichondrium, together with aliscess formation. In a case of varicella 
with acute obstructive laryngotracheobronchitis, the larynx showed infil- 
tration, necrosis and denudation of the epithelium, monocytic infiltration 
between muscle bundles, deposition of fibrin and purulent phlebitis; the 
trachea showed the same picture including desquamation of the glandular 
epithelium. He stated that there is often dense infiltration of the sub- 
glottic tissues, the formation of occasional strictures and -webs (not due to 
intubation), and the occurrence of prevertebral edema with compression 
of the trachea, which are factors in delayed decannulation following 
tracheotomy. He also noted enlargement of the superior mediastinal 
shadow in roentgenograms of patients with acute laryngeal obstruction, as 
descrilied by Grier. He describes several cases in which secretions accu- 
mulated in the trachea and bronchi in from 1 to 4 days following decan- 
nulation. In these cases aspiration of the airway was necessary. In 
1 child 6 months old, the tube was removed and the w'ound closed 2 months 
after operation. The next day re.spiratory distress developed and was 
relieved by suction of the trachea and bronchi. This Avas done 3 times, 
the third time without relief. Postmortem examination shoAved thick 
mucopus in the trachea and bronchi, Avhich caused asphyxiation. There 
Avas no tracheal stenosis. (Possibly the observation of Hilding that ciliary 
destruction occurs in these cases could explain the accumulation of the 
mucopus. — Ed.) 

Hilding®^ (1943) described a case of acute laryngotracheobronchitis in 
an adult. At necropsy the entire bronchial tree Avas found to contain 
thick, tenacious plugs of mucus. Microscopic examination revealed that 
the entire bronchial and bronchiolar epithelium had been sloughed off 
doAvn to the last layer of stellate cells next to the basement membrane; 
there Avas not a A'estige of a cilium anyAvhere. The lumens Avere filled 
with purulent exudate. He stated, "This patient Avould probably not 
have died of asphyxia had the ciliary mechanism been there to remove the 
thick secretion. Conceivably, aspirations through a tracheotomy might 
haA^e saA'ed him.” 

Baum® (1943) stated that the outstanding lesions are mucosal and sub- 
mucosal inflammatory edema, most marked in the looser connective tissue 
of the subglottic region, but extending doAvn to the trachea and bronchi. 
Later there are exudation and destructive lesions. Laryngotracheobron- 
chitis causes serious alterations in the function of the tracheobronchial 
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glands and in tlu' charactei- of thcii; secretions, lie asserted, l.lial tlie.se 
elianges make tlie. glands and tlie' .seeretinns more snsecptilile to adver.se 
induenees such as the drying elieet of tlic 'direct blast of-eAren warmed and 
moistened air through the tracheal cannula. He said that- no one has 
reported primary plugging of the bronclii with crusts, -nithout tracheotomy. 

Walsld^'* (19M) found (1) destruction of the epithelium and cilia, (2) 
tenacious thick pus and mucus ■which in severe cases seemed to he fi.xed to 
the goblet cells of the remaining epithelium and (3) marked edema of the 
tracheal and bronchial tissues. He said that bronchoscopy did not always 
give relief, showing that laryngeal edema is not the primary factor. On 
the other hand, bronchoscopic suction' rvith removal of the thick secretions 
did give relief. ■ ■ ' 

.A-rden and Duhig^ (1944) described widespread necrosis of the mucosa 
unaccompanied by any cellular exudate. When the crust and exudate 
were remo\'ed, the underlying trachea was seen to be a dirty, brownish 
purple color, completely lacking luster,, and quite different from the bright, 
purplish red commonly found in influenzal infections. The e.xudate ex- 
tended to the main bronchi. Histologically there was complete destruc- 
tion of the mucosa, with no cellular exudate,, only debris, and submucosal 
vascular dilatation with some lymphocytic infiltration. They remark 
that this is unlike a bacillary infection, but resembles a virus infection. 
They found complete integrity of the mucus-secreting glands and their 
ducts (unlike that seen in diphtheria). Also, they did not find the typical 
lung involvement as in an influenzal virus infection; therefore-, they rea- 
soned that this was not of influenzal virus origin, though there is a rela- 
tionship between the two viruses. 

•Incidence. Frcqncnci/. Orton et al.®* (1941) state that, “In all over 
300 cases have been reported since 1918.” They apparently overlooked 
the report in 1934 by Neft'son and Wishik*® of 400 consecutive cases ad- 
mitted between 1931 and 1934 to the Willard Parker Ho.spital because of 
non-diphtheritic laryngeal obstruction. This makes over 700 cases, not 
counting the number that have occurred without ever having been reported. 

Srasojial. In the above-mentioned report by Nefl’son and Wishik, the. 
disease was found to be “endemic the year round with a low ebb in June, 
July and .August.” However, Baum® (1943) and others state that the 
disease is seasonal and more severe during influenza epidemics. It is quite 
possible that the difference in conclusions arises from the fact that diseases 
of different etiology, but similar symptomatology, are involved. 

Age. Berry'® (1928) reported a case in an arlidt with crusting and 
suppuration of the entire respiratory tract, in which a pure cidture of 
SfdpJi. aurrits /;f'/ao/?///c?/.v wasu’ccovered; Davis®® (193(5) likewise reported 
a case in anGidult. Michels'®' (1942). reported a case in an infant 5 weeks 
old. Neffson and Wishik,®® in their series of 400 cases, found the age to 
range from 3 months to 50' years; 11.7% were under 1 year; 46% were 
1 and 2 years old ; 78 % were under 5 years of age ; 16.5 % from 5 to 9 years ; 
0.5% were over 9; 11 patients were over 16 years of age. 

Sex. It is generally agreed that this condition occurs more often in 
males than females. Specifically, the report of Neffson and ^Mshik®- 
showed that there were 72% males as compared to 28% females. Nefl- 
sori®® (1942), reporting a series'of 126 cases tracheotomized for non-diph- 
theritic laryngeal obstruction, found that 70% were- males and 30% 
females. This shows that males are affected almost"24 times as often as 
females. Why this should be so, since the large majority of cases occur 
under 5 years of age, is a matter of conjecture at the present time. 
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Symptomatology. A general description of the symptomatology is 
given by almost every writer oir this subject. Briefly, there are hoarse- 
ness, cough, signs of respiratory obstruction and the usual reactions to 
infection, namely fever, leukocytosis and evidence of toxemia— with much 
variation both in the rapidity of onset and the degree of severity. Because 
of the lack of unanimity as to what constitutes acute laryngotracheobron- 
chitis, descriptions of the symptomatology are quite varied. Thus, some 
describe respiratory obstruction of moderate degree and little or no signs 
of toxemia, whereas others picture patients suffering from extreme respira- 
tory obstruction and toxemia of overwhelming proportions. In some 
cases the respiratory obstruction required operative intervention such as 
intubation or tracheotomy, while in others palliative measures alone were 
sufficient. 

For the purposes of this review it is felt that only those observations 
describing unusual or characteristic signs and symptoms of value in diag- 
nosis Jieed he noted. 

Mainzer'^ (1929) stated, “Infections of this type may easily be mistaken 
for laryngeal diphtheria, but in these (latter) cases the voice is usually 
lost.” " Neft'son and Wishik®- (1934) pointed out that cough occurred first, 
followed by dyspnea and later by hoarseness. They noted that this was 
different from diphtheria in which there is cough, followed by hoarseness 
and later dyspnea. They explained this difference on the basis of the 
underlying pathology, namely that in diphtheria membrane forming on 
the ■v’oeal cords, first prevents them from vibrating and approximating 
normally, causing hoarseness. Later, when enough membrane has formed 
dyspnea appears. On the other hand, in the non-diphtheritic case, 
edema is usually produced above and below the vocal cords and often the 
cords themseh'es are not involved, because the submucosa is bound donm 
tightly. They also note that in the non-specific infection the dyspnea is 
usually out of all proportion to the slight or moderate hoarseness. Orton 
ct al.^^ (1941), however, stated that in over 50% hoarseness occurred early 
and Avas preceded or followed by a croupy cougli. Later there Avas dysp- 
nea, retraction, pallor and cyanosis. .lackson and Jackson^® (1936) noted 
a Aveak or absent cough reflex. (I liaA'e observed this especially in cases 
of influenzal laryngotracheobronchitis and in those cases in AA'hich tliere 
Avas marked obstruction in the bronchi. — Ex>.) Baum® (1943) stated that 
Avith increasing obstruction the cough diminislies or disappears and there 
is a fail in temperature Avith a pale cyanosis due to diminished oxygen 
and circulatory exhaustion. When the obstruction is relicA'ed the tem- 
perature rises. (I have never found a fall in temperature Avith increasing 
obstruction; on the contrary I have seen it rise and then fall after relief 
of the obstruction. — E d.) 

Sinclair^®^ (1941) describing cases of laryngitis Avith septicemia due to 
tlie II. ivfhiaizse type B noted that the appearance of shock seemed to be 
out of all proportion to the short duration of the obstructive symptoms, 
and that after a tracheotomy most of these failed to shoAV immediate 
improvement. He considers that these are the most seriously sick group. 
Neffson and Bullowa®® (1938) made a similar observation in reporting a 
case of laryngotracheobronchitis with septicemia and meningitis due to the 
11. wfliirnzm and complicated ])y a simultaneous, T)ilateral, spontaneous 
pneumofhontx. 

Leigh''- (1927) described a sudden death in a child I 5 years old occurring 
during an injection of antitoxin; on postmortem examination extreme 
supraglottic edema Avas found. Beare” (1930) describing the symptom- 
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atologj" said, “Finally .... The picture maj"- be that of a fairly quiet 
respiration, an alert mind, and a sudden death on attempting to sit up or 
after a moderate coughing seizure.” Death was thought to be of cardiac 
origin. (The likelihood is that supraglottic edema was the cause of the 
sudden asphyxia; I have seen these sudden deaths due to supraglottic 
edema not only in a number of children, but also in several adults. — En.) 

NelYson^ (1937) described characteristic respiratory sounds as an aid 
in the diagnosis of supraglottic laryngeal edema. These sounds consist 
of a low-pitched inspiratory stertor \vith a louder and loAver-pitched, coarse, 
expiratory rattle resembling a snore. In e-xtreme supraglottic edema, only 
the expiratory component may be present — namely, the loud, low-pitched , 
coarse rattle; on inspiration there is either a somewhat muffled, high- 
pitched stridor or none at all. He warns that such patients should be 
taken to the hospital at once for laryngoscopic confirmation of the diag- 
nosis and usually immediate tracheotomy should be performed because of 
the danger of sudden asphyxia. 

Diagnosis and Differential Diagnosis. As has been remarked previously, 
one of the main obstacles in the way of correct diagnosis has been due to 
the tendency to exaggerate the e.xtent of involvement in a given instance 
— that is, cases of obstructive laryngitis or lar^mgotracheitis have been 
diagnosed acute lar^mgotracheobronchitis. Sometimes this has occurred 
because of the difficulty in estimating the true status, sometimes because 
of lack of familiarity with the problems peculiar to diagnosis in this condi- 
tion, and often because of the natural propensity on the part of some of our 
colleagues to prove their abilities in the face of greater odds. 

The diagnosis of acute laryngotracheobronchitis requires clear proof of 
a non-diphtheritic infection involving the larynx, trachea and bronchi and 
causing serious obstruction to breathing. The diagnosis of bronchial 
involvement must be based upon a profuse and repeated outpouring of 
secretions, which results in repeated blocking of the airway. 

In general, acute laryngotracheobronchitis must be differentiated from 
diphtheritic infections, laryngeal complications of the exanthemata, allergic 
manifestations such as bronchial asthma, and from foreign bodies. 

Neffson and Wishik®^ (1934) listed over 80 conditions which could be 
confused Avith acute laryngotracheobronchitis. They di\dded these under 
8 headings — namely, (1) congenital malformations, (2) neuromuscular- 
spasmodic and paralytic, (3) tumors of the wall of the larynx or trachea, 
(4) occlusion by masses outside the airway, (5) plugging of the lumen by 
foreign matter, (6) traumatic, (7) edema of the lar^mx secondary to sys- 
temic disease, and (8) infectious, including blood dyscrasias. 

Gilbert et (1941) divided laryngeal obstructions into two groups, 
(1) infectious, including diphtheritic and non-diphtheritic croup; and (2) 
unclassified, including conditions due to allergy, foreign bodies, ehemicals 
and other irritating agents. 

Gittins^ (1942) presented the following classification: “(1) Infectious 
t.>q)es — (a) non-specific — streptococcic, staphylococcic, influenzal, pneumo- 
coccic; and (b) specific — diphtheria. (2) Traumatic. (3) Allergic. (4) 
Spasmodic.” 

Complications. Discussion of the complications in acute laryngo- 
tracheobronchitis, particularly those secondary to infection and septicemia, 
are beyond the scope of this re^^ew. However, tension pneumothorax and 
mediastinal emphysema, which are complications incident to acute respira- 
tory obstruction and tracheotomy, have been recei%nng well-deser^'ed 
prominence in recent literature and, merit consideration here. 


Wilks and Moxon^^^ (1875) cited 2 cases of pneumothorax following 
tracheotomy in wliich there was extensive mediastinal emphysema; they 
asserted that the air from the mediastinum ruptured through the pleura. 

Champneys‘‘ (1882 and 1884) reported 19 cases of mediastinal emphy- 
sema including 4 cases of pneumothorax occurring in 56 tracheotomy 
case.s in which death resulted. He stated, “Pneumothorax .... never 
occurred without emphysema and .... was probably a later sequel of 

the emphysema Air was observed escaping from the mediastinum 

into the pleural sac It appeared, then, that the air traveled from 

the tracheotomy wound into the mediastinum, Avhich in some cases it 
ruptured, producing pneumothorax.” He advised that postmortem exam- 
inations he performed under water in order to avoid missing a pneumo- 
thorax. 

Iglauer'*' (1915) described the case of a child with severe inspiratory 
distress. Before opening the trachea he noted hubbies of air at the lower 
angle of the wound. Immediately after tracheotomy the child collapsed, 
became almost pulseless and had extreme pallor. Roentgenologic exam- 
ination showed right-sided pneumothorax. 

Wiethe"^ (1933) reported 2 cases of pneumothorax in a series of 50 
tracheotomies. He stated that when respiratory obstruction is present 
the apex of the pleura can easily be injured while performing a low trache- 
otomy. 

Ne'ffson and Wishik®- (1934) cited 4 cases of pneumotl)orax complicating 
tracheotomy and 2 cases of pneumothorax in which no tracheotomy wa.s 
performed. They explained, “ . the air was sucked into the wound 
and passed alongside the trachea into the mediastinum, later rupturing 
through the pleura to cause the pneumothorax. All these patients liad 

subcutaneous and mediastinal emphysema The occurrence of such 

emphysema follounng tracheotomy is due to tlie fact that the obstruction 
.... was only partially relieved by the operation. As a result, the retrac- 
tions continued and led to the sucking-in of air through the wound.” 
They explained the 2 cases of spontaneous pneumothorax as follows : “ Air, 
extravasated into the cellular tissue of the lung, spreads along the bronchi 
and vessels to the hilus and thence to the mediastinum .... it may also 
appear immediately subjacent to the Ausceral pleura. Rupture of such a 
vesicle leads to pneumotliorax ” 

Simpson*®® (1937) reported a case of pneumothorax complicating trache- 
otomy in fulminating laryngotracheobronchitis. 

Richards®*^' (1938) described 2 cases with pneumothorax. In 1 case, 
postmortem examination showed emphysematous blebs in the mediasti- 
num; there was no break in the pleura; the bronchi were full of obstructive 
masses. The other case occurred in a 2 months old infant; there was no 
postmortem examination. He said, “Pneumothorax secondary to pul- 
monary emphysema is a complication present more frequently than hither- 
to appreciated.” 

Brenneraann d aU^ (1938) stated that, "Spontaneous pneumothorax 
may occur from rupture of an emphysematous bleb.” 

Neffson and Bullowa®® (1938) described a case of bilateral tension pneu- 
mothorax and commented on the mechanism of production of pneumo- 
thorax and mediastinal emphysema as follows; “The obstruction of the 
bronchioles by exudate and the marked supraglottic edema combined to 
produce violent inspiratory efforts. The dilatation of the bronchioles 
caused by the strenuous inspiratory efforts and the concomitant diminu- 
tion of their contractile .... power caused by the influenzal infection 
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rc'.snllctl ill ovcnlisti'iitioii iiiiil coalcscriK-c ol" tlu' riiiictioniiijr jinlinoniirv 
alvooli. .... Asa msiilt, .... certain of the oinpliysoinatous lolnilos Inirst. 

If they were subpleural, air passed into the pleura If the tear is not 

into the pleura, the air is forced into the pulmonary interstitial tissue and 
travels along the loose tissue surrounding the blood- and lymph-vessels 
and bronchi to the root of the lung, where it either ascends between the 
mediastinal fascial planes and appears in the neck, spreading down from 
this point or, more rarely, descends into the retroperitoneal space and 
perirenal tissues. If there are adhesions between the visceral and the 
parietal pleura, air may appear in the thoracic wall without traveling down 
from the neck.” 

Michels^' (1939) reported 5 ca.ses of pneumothorax and 1 case of medi- 
astinal emphysema complicating tracheotomy. Three of the cases had 
bilateral pneumothorax and died. Michels concluded that occurrence of 
pneumothorax and mediastinal emphysema can best be explained as fol- 
lows: “The extrapleural route, with dissection of minute globules of air 
from the interstitial tissues along the vessels to the hilus, is a more common 

cause of their occurrence with increased intrapidmonic pressure The 

dissection of air by way of the pretracheal fascia to the mediastinum, aided 
by the negative inspiratory pressure, affords another avenue of entry. 
The possibility of direct injury to the pleural dome during tracheotomy 
cannot be ignored.” 

Graebner^' (1939) reported 3 cases of pneumomediastinum and 2 cases 
of pneumopericardium associated with acute obstructive laryngitis. He 
said, “The air was passed out of the substance of the lung and along the 
perivascular sheaths into the mediastinum by excess positive pressure 
incident to respiratory obstruction (rather than being) sucked in through 
the tracheotomy wound by inspiratory efforts and normal negative pressure 
in the mediastinum.” 

Dolgopol and Stern^^ (1940) described a case of pneumothorax which 
appeared 3 days after tracheotomy. On postmortem e.xamination, the 
lungs showed ah'eolar emphysema, interstitial emphysema with large air 
bubbles in the widened, edematous interlobular septums, and air in the 
perilymphatic spaces. There Avas no mediastinal emphysema. The 
authors concluded that the air had traveled from the septal lymphatics 
to the periphery of the lung, and then escaped through rupture of pleural 
blebs into the pleura. 

Neffson*® (1942) reported 17 cases of pneumothorax in a series of 12G 
tracheotomies and gave a comprehensive discussion, including a review of 
the literature, of this condition. He describes the mechanism of its pro- 
duction as occuring xia the following routes: 

“I. Inirivsic Route. Increased intrapidmonic pre.ssure caused by trap- 
ping of air results in distention andj finally, rupture of the pulmonary 

alveoli Such ruptures may be microscopic, numerous and Avidespreafl 

or gross and limited to one area. From these ruptures the air can then 
spread into the following tissues: (A) Pulmonary interstitial tissue . . . ■ 
and thence .... (1) To the hilus of the lung .... producing mediastinal 

and pericardial emphysema. From the mediastinum the air can proceed 
.... (a) Laterally. Rupture of mediastinal blebs into the pleural cavity 
results in pneumothorax .... (/;) Upward .... breaking through into 

the subcutaneous tissues of the neck, (c) Downward .... to the abdomen. 
(2) To the periphery of the lung .... through pleural adhesions into the 
pleural cavity .... (B) Subpleurab tissue forming subpleural blebs which 
liurst .... This is uncommon, however .... 
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“II. Extritwic Roiilc. Owing to inspiratory obstruction, the negative 
pressure in the thorax is increased, and air is sucked through the trache- 
otomy wound along the deep ceryical fascia into the mediastinum .... 
From the mediastinum tlie air can reach .the pleura, neck and abdomen 
in the same manner as described ,for the intrinsic route. This route is 
probably the more common after tracheotomy. 

“III." Tmuimitk Route by injury to the dome of the pleura dur- 

ing tracheotomy .... However, actually it is probably rare . . . .” 

He analyzes the 17 cases of pneumothorax, “. . . . as to age, sex, site, 
time of occurrence after tracheotomy, relationship to previous intubation, 
incidence in relation to frequency of tracheotomy fluring various periods, 
time required for the disappearance of free air, mortality rates under 
various conditions and postmortem ob-servations.” 

He finds that “ The mortality rate of unilateral ])neumothorax is less than 
20%; that of bilateral pneumothorax, over 00%.” He stresses that 
“early recognition and immcfliatc treatment of this condition are life- 
saving. The possibility of the occurrence of tension pneumothorax must 
always Ije borne in mind and wiitched for after tracheotom.^^” lYarning 
signs of pneumothorax and mcfliastinal emphysema are dc.scribed, and the 
prophylaxis and treatment are outlined. 

MacCrcady'^ (1044) statefl, “Between 1941 and 1043 there were 6 cases 
of tension pneumothorax and mediastinal emphysema. Five had a pre- 
liminary bronchoscopy or the i)roneho.scopc was ])assefi in order to facili- 
tate the tracheotomy. Instead of eliminating respiratory effort during 
the tracheotomy and hence preventing this accident from happening, these 
figures would suggest that it is the cause of the trouble .... These cases 
should be regarded as operative accidents.” (In the light of the experience 
of most operators, these conclusions are untenable. Pretracheotomy 
bronchoscopy is advisable in order to guarantee an unhurried tracheotomy. 
If a bronchoscope docs not relieve the dy.spnea, the obstruction must be 
in the bronchi and bronchial a.spiration should precede tracheotomy. 
There are some unfortunate cases in which that too is of no avail. But 
failure in these cases should not prejudice us against this procedure in the 
usual case. — En.) ■ . 

Treatment. Treatment can be divided into two main types — medical 
and operative. Medical treatment is made up of non-specific or suppor- 
tive therapy and specific therapy; surgical treatment consists of aspiration 
(suction), intubation, tracheotomy and postoperative care. It is the plan 
of this review to discuss the advances, changes and moot questions in 
treatment under these separate groupings. 

Medical Treatment. 1. Supportive. A word of caution is in order at 
this point; we must not allow the glare of sulfonamide therapy to blind us to 
the value of supportive treatment, a value which cannot be overestimated. 

Most authors have adNused complete rest in bed, a cleansing enema, 
steam inhalations, mild sedation, antipyretics, plenty of fluids, and small 
doses of codeine to allay excessive coughing. All agree that atropine 
and morphine are definitely contraindicated. 

Neffson and Wishik® (1934) stress the importance of antipyretics in 
order to reduce high fever, thus lowering the metabolic rate and conse- 
quently the oxygen requirement. They also advise administration of 
oygen by nasal catheter or placing the patient in an oxygen tent to tide 
him_ over the acute stage for from 12 to 24 hours, when the edema usually 
begins to subside, 
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Kernan and Barach®® (1937) advise the use of helium and oxygen iinder 
pressure. 

Felts®® (1940) recommended atmospheric supersaturation with moisture. 

Davison®®'®® (1940) emphasized atmospheric temperature and humidifi- 
cation. By the employment of a mechanical humidifier, he raised the 
humidity to 95% with the temperature of 70° F. He found that loss of 
body water can be decreased by increasing the humidity provided that 
the temperature is not above 70° F. He stated that the temperature and 
humidity of an oxygen tent exert a greater effect on the comfort of the 
average patient than does the concentration of the o.xygen. 

Baum®'® (1943) suggested the use of hypertonic human plasma in order 
to decrease subglottic and tracheobronchial edema before surgery in urgent 
cases. He stated that the plasma does not cure, it merely decreases the 
edema. He says, “ I have seen little patients showing the typical pale 
cyanosis of partial asphyxia with exhaustion respond in a very gratifying 
manner. Stridor disappears, respirations quiet down, cyanosis rapidly 
fades and the patient falls asleep. This all occurs within a matter of 
minutes after the administration of the plasma is completed. Then the 
entire clinical picture usually continues to improve, especially if sufficient 
quantities of immune serum have also been administered and the patient 
soon has remaining only a simple non-obstructive tracheobronehitis and 
laryngitis from which recovery is rapid.” He also advises the use of 
cooled humidified o.xygen. He finds that the concentrated plasma does 
not cause dryness, stickiness or increase plug formation ; on the contrary 
it helps to. normalize the secretions. 

Holinger®® (1944) also advised a humidity of 90% and a temperature of 
70° F.; the use of 50% hypertonic glucose has been abandoned by him. 

Walsh”® (1944) recommended the use of a Burgess box in which 95% 
oxygen and 5% carbon dioxide is piped through an iee-box electrically 
driven. 

Hypodermoclysis, infusions and blood transfusions have been advised 
by various workers. 

II. Specific. Specific treatment has consisted of (1) vaccines and 
serums, (2) bacteriophage, (3) sulfonamides, (4) penicillin. Baum® (1928) 
urged the use of vaccines, pooled antistreptococcic serums and specific 
immune serums. Richards®® (1933) advised the use of bacteriophage and 
antistreptococcic serums. Neffson and Wishik®® (1934) used Staph, aitrru.'i 
bacteriophage in a number of cases with striking results in several. 

Evans®"* (1939) used bacteriophage in order to liquefy secretions and 
reported 3 recovered cases — the organism was not named. In 1940, 
Davison,®® Brighton*® and Neffson®® each recommended the use of sulfon- 
' amide therapy. Sinclair*®* (1941) reported 10 cases with H. mflucnzx 
septicemia complicating acute laryngotracheobronchitis; 6 patients re- 
ceived adequate sulfa therapy and recovered, the other 4 did not and died. 

Orton ct al.^^ (1941) reported -38 cases in which no sulfa therapy was 
used ; there were 9 deaths. Sulfanilamide was used in 20 cases ; 13 recov- 
ered. Sulfapyridine was given to 3 patients; 2 recovered. In 15 cases 
sulfa therapy and surgery was needed; 7 patients recovered. In 8 cases 
sulfa therapy was given and no operation was needed; all recovered. 
They conclude, ‘‘ It is possible that in many cases in which the sulfonamides 
were given, the disease was in a mild form .... We believe that, although 
the sulfonamides are not specific for this disease, they seem to have some 
value.” 

Neffson®® (1942) reported that 81 cases requiring tracheotomy had been 
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observed since the advent of sulfa therapy. In 28 eases no chemotherapy 
was used; 11 deaths occurred — a mortality rate of 40%. Inadequate 
therapy was given in 11 cases — there was 1 death. Adequate therapy 
was given in 42 cases; there were 9 deaths — a mortality rate of 21%. 
Many patients died before they could be given the drug. Inadequate 
therapj' was due to toxic manifestations, lack of improvement or acute 
aggravation of the illness. He found it difficult to draw conclusions as to 
the effect of the drug on the mortality rate. However, he concluded, 
“ . chemotherapy has resulted in a decrease in complications, particu- 
larly pneumonia and septicemia, and has probably lowered the mortality 
rate. However, the local condition has not been affected sufficiently to 
lessen the Jieed for mechanical intervention.” 

Baum® (1943) advocated the use of human ijnmune serums, especially 
specific influenzal convalescent serum. In 1944 he stated that sulfa 
therapy is unsatisfactory because the disease is not due to the streptococ- 
cus; penicillin may be of more value. He asserted, “Human immune 
serum is best .... it raises the titre of antibodies and also contains some 
influenza antibodies, especially after an epidemic.” 

Walslfl'^ (1944) advises full doses of sulfadiazine intravenously or sub- 
cutaneously; 0.1 gm. per kg. body weight, totaling 0.3 gm. per kg. body 
weight for the first 24 hours, then 0.2 gm, per kg. per day. 

Holinger®® (1944) stated that sulfa therapy decreases the morbidity and 
has obviated the need for tracheotomy in many cases. 

Arden and Duhig^ (1944) reported 3 deaths in 5 tracheotomy cases in 
which Siuph. aureus was recovered; svdfathiazole and sulfapyridine had 
been given. 

MacCready''® (1944) recommended giving sodium sulfadiazine in saline 
— dosage 1 gr. per pound per day, with one-half as the initial dose. The 
blood level should be kept at 10 to 32 mg. per 100 cc. He stated that 
every one of the 73 patients that received adequate sulfonamide therapy 
recovered except the last patient who died on the 6th day with mediastinal 
emphysema. He concluded, “Since the treatment of these patients is 
essentially the same as that of the 1933 period in all respects except for 
the use of the sulfonamides, any noticeable differences should be considered 
as resulting from the use of these drugs.” (This is not strictly true 
because the profession has become more aware of the problems in this 
disease, the supportive treatment is better and postoperative care has 
improved considerably. — Ed.) 

Surgical Treatment. Operative intervention should be resorted to 
only after medical treatment has failed or has been deemed inadequate. 
Three procedures are available, depending upon the indications, namely 
aspiration, intubation and tracheotomy, with direct laryngoscopy a neces- 
sary adjunct in each instance. 

Laryngoscopy. Seitz®® (1929) stated, “ When done by a skilled operator, 
laryngoscopy will not superimpose any noteworthy degree of traumatic 
inflammation and an anesthetic is not required.” 

Neffson and Wishik®^ (1934) stated, “A direct, diagnostic laryngoscopy 
should be performed in every case of croup in which there is the least 

doubt as to the nature of the infection In skilled hands the procedure 

takes no more than 15 to 30 seconds, and the patient suffers very little 
discomfort .... Diagnostic laryngoscopy is indispensable .... in the 
treatment of croup.” 

MacCready^® (1940) a.sserted, “Laryngoscopy should not be done . . . . 
it may precipitate an acute edema, nnie.ss one is j^rejjared to do an imme- 
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cliate tracheotomy.” (My e.xperience witli over 2000 laryngoscopies does 
not bear out this observation. Moreover, the anatomy of the epiglottis 
is such as to hinder edema formation on the laryngeal surface, which is the 
surface in contact with the laryngoscope. — Ed.) 

Aspiration. Ljmah®® (191(5) described bronchoscopic suction in the treat- 
ment of laryngotracheobronchial obstruction, particularly diphtheritic. 

Litchfield and Hardman®® (1923) used French-woven catheters for suc- 
tion of the larjmx. 

Gover and Hardman^® (1923) introduced the use of metal suction tubes 
for tracheobronchial aspiration through the laryngoscope. 

Tolle”® (1930) reported a large series of cases in which .she used "Willard 
Parker metal suction tubes. 

Neffson and Wishik®^ (1934) described a curved, spiral-tipped metal 
suction tube for use in bronchial aspiration through the laryngoscope. 
They advocated the use of suction “when the ob.struction is caused by 
tenacious, ropy, gummy, inspissated or membranous secretions.” They 
conclude that “ the suction treatment has eliminated the need for intuba- 
tion or tracheotomy in many cases and is an e.ssential adjunct when 
intubation is required. It has removed the danger of sudden asphy.xia 
which formerly attended intubation because of the jamming down of 
membrane .... or e.xudate .... by its use both morbidity and mortality 
have been materially reduced.” 

Intubation. Most authors mention intubation onl^' to condemn it. 
The most emphatic denunciation that I have heard was one delivered by 
Di.xon in a discussion of Baum’s paper on the treatment of acute laryngo- 
tracheobronchitis at the 1944 A. M. A. Convention, where he said that 
O’Dwyer was erroneously honored for the invention of the intubation 
tube, because it causes suffocation from obstruction of the tube by mem- 
brane. He said that it should not be used even in diphtheria, because it 
has resulted in many unnecessary deaths. Apparently he has forgotten 
how many thousands of lives this device has sai'ed when properly used. 
Intubation should always be used in conjunction with aspiration e.xcept 
in an emergency in which case anything possible is done at the spur of the 
moment. Inexperience with, misu.se or abuse of intubation is no reason 
for condemning this procedure. There are two methods to perform an 
intubation: (o) the indirect or tactual method which is done by palpation, 
and (6) the direct or visual method through a laryngoscope. The latter is 
preferred in order that the underlying pathology in the larynx may be 
visualized at the same time. 

Morris^® (1917) reported 3 cases following measles; all 3 were tracheoto- 
mized and all 3 died. He advised intubation in these cases. (Neffson and 
Wishik found that intubation in measles resulted in a high mortality rate 
and advised tracheotomy. Apparently relief of the obstruction is not the 
sole answer to this problem. — Ed.) 

Gittins'*^ (1926), reporting 14 cases, concluded that intubation is not 
advisable. In 1936, he'*® reported .32 cases, of which 20 were tracheoto- 
mized with a mortality rate of 60%. Again he favored tracheotomy as 
compared to intubation. Hart®" (1927) reported a case and advised that 
intubation be performed before tracheotomy. Baum® (1928) stated that 
he kept intubation tubes iu .sifu for a period of 3 weeks when necessary. 
He concluded, “Intubation is the operation of choice.” Codd-^ (1931) 
reported 2 cases and advised tracheotomy in preference to intubation. 
Peeler"® (1926) believed that intubation is contraindicated in non-diph- 
theritic laryngitis. Bugg®' (1931) stated that he preferred intubation to 
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tnic'lu'otoiny. Hyde and Rudnnan® (1931) concludcHl, “Intubation is 
not ad\’i.sablt' bocaiiso, first, tlu; cdoina may 1)0 very loAV iind liio tnbo 
would not p.iss the swelling; second, the edema may be so marked that it 
is impossible to puss the tube, thereby causing injury to the tissues and 
resulting in a false passage and emphysema.” (I saw' this happen only 
once, in the hands of an inexperienced interne, in a patient wdth a cleft 
palate. — E d.) “ A tracheotomy is advisable because in subglottic edema 
the chances of recovery are more rapid because of the absence of any 
irritating object in the larynx. If in doubt as to the cause of the edema 
one should institute tracheotomy instead of intubation.” 

Richards®® (1933) decided in favor of tracheotomy vcrsita intubation. 

Neffson and Wishik®’ (1934) stated, “ . . . . w'hen the obstruction is due 
mainly to subglottic edema, intubation is helpful and far less dangerous 
than routine tracheotomy.” They xvarned against its use in cases of 
supraglottic edema saying it “ . . . . may give some relief but may also 
irritate the inflamed supraglottic tissues, causing an increase in the edema. 
This may cause an overlapping of the tube and may result in sudden 
asphyxia .... necessitating an immediate, urgent tracheotomy.” They 
concluded, “However, this method of treatment is practicable only in 
hospitals w’here proper facilities and expert operators are available ai 
all timrfi" 

Greemvood'*® (1939) believed that in infants alow tracheotomy conserves 
the laryngeal structure better than intubation. 

Orton cl o/.®^ (1941) stated, “Intubation tides a patient over until a 
tracheotomy can be done. Intubation is a deciding factor in the reaction 
of dyspneic patients from respiratory shock, except in cases w’here there 
is supraglottic swelling w’hen tracheotomy must be done at once.” 

Neffson®® (1942) lists the indications, the advantages and disadvantages 
of intubation and concludes that “ . . . . intubation performed before 
tracheotomy — in selected cases — is beneficial in that it gives the organism 
a chance to fight the acute infection before it is compelled to cope w'ith 
the added burden of an operative procedure and to accustom itself to an 
alien respiratory mechanism and physiology, w'ith all that this implies.” 

Baum'® (1944) stated that he favors intubation over tracheotomy, since 
the latter results in the formation of dried plugs. He advises that after 
tracheotomy an intubation should be performed and the tracheotomy tube 
corked so that the patient can breathe through the larynx and drying will 
be diminished. 

Holinger®® (1944) found that intubation was not .succe.ssful in his hands 
since it was followechby chronic laryngeal stenosis. (He did not explain 
what he meant by chronic laryngeal stenosis. If he implied that the 
patient became a chronic tube carrier, this has never occurred in my owm 
experience. — Ed.) 

Tracheotomy. Most writers on this subject have signified a definite 
preference for tracheotomy as compared to intubation under any circum- 
stances. Others believe that intubation should be used as a temporary 
measure before a tracheotomy is performed. A few still feel that intuba- 
tion has an honorable place in our armamentarium and if used in properly 
indicated situations will obviate the need for tracheotomy and will reduce 
morbidity and mortalitj'. 

Smith'®® (1919) reported a case of laryngeal edema followdng influenza 
which was treated by tracheotomy with recovery. Lynch"' (1924) re- 
ported 5 cases due to Staph, allms treated by tracheotomy; all recovered. 
Clerf®® (1924) described a case in which 17 “life-saving’’ broncho.scopies 



l*l{0(.iKICS« OK .MlilJlCAL SCIKNCK 


5M 

were performed following tracheotomy. He stressed the fact that plug- 
ging and not pneumonia was the most important complication. He said 
that in those cases where there was complete absence of cough after 
tracheotomy, the patients will die unless the secretions are removed 
mechanically. 

Strachan^"® (192.5) reported 3 cases in which intubation tubes were of no 
help and tracheotomy helped only for a little while. Postmortem exam- 
inations showed that all the bronchi were plugged. Dixon^- (1925) 
reported 1 case in which a tracheotomy was done with recovery. Daily 
and Allen-^ (1926) described the case of an 8 year old boy who required a 
tracheotomy and recovered. Gittins^* (1926) cited 14 cases in 10 of 
which tracheotomy was done; there were 6 deaths. In 1936, out of 
32 cases 20 required tracheotomy; 12 of these died — a mortality rate of 
60 %. Leigh®^ (1927) advised tracheotomy because he thought intubation 
would cause ulceration. 

Baum* (1928) stated, “ Because of the dryness .... I have been led to 
the conclusion that tracheotomy has a tendency to cause too rapid evapo- 
ration of secretion increasing the difficulty of expulsion and prolonging the 
period of dr^mess with an increased tendency to bronchial plug formation. 
The direct blast of air coming through the tracheal cannula without the 
warming and moistening effect of the mucous membrane of the upper 
respiratory tract seems to predispose to this occurrence.” (He does not 
mention the use of steam or medicated solutions instilled into the tracheal 
cannula. — E d.) 

Beare^'- (1930) writing from Australia said, “Of one thing I am con- 
vinced and that is that tracheotomy does not relieve the respiratory dis- 
tress one iota. This was done on several occasions and no benefit what- 
ever resulted.” Myerson*® (1930) in a paper describing general observa- 
tions and experiences with tracheotomy, cited several cases. Thenebe'®^ 
(1932) reported 51 cases of which 24 required tracheotomy; there were 

6 deaths — a mortality rate of 25%. He urged early operation, “fearing 
the consequences of waiting too long.” Johnson*® (1933) reported 3 cases 
that were tracheotomized and recovered. He encountered much mucus 
plugging and advised bronchoscopic suction. Oliver and Turner®® (1933) 
reported 3 cases of acute laryngeal edema complicating measles in which 
tracheotomy was done; there were 2 deaths. 

Neffson and Wishik®® (1934) reported 400 cases of laryngeal obstruction, 
tracheotomy was done in IS of these — 10 died, a mortality rate of 56%; 
(The general mortality rate of the entire series was 4.8 %.) Brennemann 
et a\}^ (1938) concluded, “Tracheotomy is advocated as the procedure of 
choice unless relief can be obtained from bronchoscopic aspiration alone. 
Cawthorne®® (1939) gave a good general description of the procedure of 
tracheotomy. MacCready’® (1940) advocated early tracheotomy. How- 
ever, he said, “ Where the patients were under constant observation and it 
has been possible to watch them constantly many have recovered without 
tracheotomy.” Waldapfel”® (1940) advised removal of a segment of 
tracheal ring cartilage, during tracheotomy. Orton et al.^^ (1941) stated, 
“Tracheotomy is the operation of choice and should be done as soon as 
possible.” 

Gilbert ct a/.^® (1941), finding a 60% mortality rate (4 deaths out of 0) 
for intubation, a 50% mortality rate (2 deaths out of 4) for intubation 
combined with tracheotomy, and a 20% mortality rate (1 death out of 5) 
for tracheotomy alone, recommended tracheotomy as the operation of 
choice; in the cases cited there was involvement of the larynx and trachea 
only. In 8 cases with laryngotracheobronchial involvement there were 

7 deaths (2 out of 2 with intubation; 2 out of 2 with intubation and trache- 
otomy: and 3 out of 4 with tracheotomy alone). 
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Neffson^® (1942) analyzed 126 cases tracheotomized because of acute 
obstruction of the larynx, trachea and bronchi. These occurred in a 
series of 1360 cases of laryngeal obstruction over a 10 year period. He 
found that the incidence of tracheotomy had increased from 5.3 % during 
the first 7 years to 19.4% during the last 3 years; the mortality rate of 
tracheotomy fell from 50 % during the first 7 years to 24.3 % during the 
last 3 years. The mortality rate for all tracheotomized patients was 35 % ; 
the general mortality rate in the entire group of 1360 cases was 9.5%. 
Walsh”® (1944) found that tracheotomj’^ was required in 35% of his cases. 

Holinger®® (1944) stated that early tracheotomy results in lowered 
mortality. 

Postoperative Care. Postoperative care is the more important part of 
tracheotomy. The most serious complication has been the formation of 
mucus plugs producing bronchial obstruction. All efforts in the after- 
care of a tracheotomy have been directed toward the prevention and 
removal of these plugs. 

Gittins” (1926) advised the instillation of “. . . . adrenalin 1:10,000 in 
saline to soften plugs of secretion which are more troublesome than in 
true diphtheria.” He also urged routine bronchoscopic removal of plugs 
before they produce obstruction and the use of an oxygen tent. 

Richards®® (1933) advised instillation of a weak solution of sodium 
bicarbonate into the trachea, bronchoscopic removal of plugs, a good 
suction apparatus at the bedside, and specially trained nurses. 

Neffson and Wishik®® (1934) stated, "Following operation the patient 
is placed in a cubicle, which is saturated wdth steam. The foot of the 
bed is raised in order to provide postural drainage. The tube is covered 
ndth several loose layers of gauze kept moist vdth warm boric acid solution. 
Several drops of warm 5% solution of sodium bicarbonate are dropped 
into the tracheotomy tube every 10 or 15 minutes for the 1st day, then 
less often, as necessary. Tracheal suction vdth a soft rubber catheter is 
performed every or 4 hour for the first 2 days, then when indicated .... 
Specially trained nurses are essential for good results.” 

Galloway®® (1939) advised postural irrigation using 4 to 15 cc. of 3 to 5 % 
of warm sodium bicarbonate solution dropped into the tracheotomy tube 
with inspiration and the head elevated. The head is then lowered and 
suction applied by means of a catheter through the tracheotomy tube. 

Cassidy®® (1939) reported doing 38 bronchoscopies in a single case for 
the removal of plugs. 

Brighton®® (1940) instilled 1 % ephedrine in normal saline solution and a 
sterile 5 % sodium bicarbonate solution through the tracheotomy tube. 

Holinger ct al.^“ (1941) asserted that oxygen increases the viscosity of 
the tracheobronchial secretions and that carbon dioxide diminishes secre- 
tion by stimulating its resorption, liquefies the sputum and stimulates the 
cough reflex. They maintained that when oxygen is used, both steam and 
carbon dioxide are necessary to neutralize the drying effect of the oxygen, 
neither one being sufficient by itself. A concentration of 5 to 10% of 
carbon dioxide is used. 

Neffson®® (1942) described detailed postoperative care and urged the 
taking of routine roentgenograms of the chest right after tracheotomy in 
order to detect tension pneumothorax as soon as possible. He cites other 
complications following tracheotomy such as acidosis and alkalosis, extreme 
restlessness and convulsions, and prolonged apnea. Various difficulties in 
decannulation are described. 
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Walsh'*^ (1944) instilled saline solution and neosynephrine or tuainine 
into the tracheotoinj'^ tube. 

Baum^” (1944) advised lavage and aspiration. He found that no solu- 
tion was especially efficacious as a liquefier. 

It is apparent that these cases require assiduous and continuous care to 
prevent the formation of plugs; once they are formed they are often very 
difficult to remove and present a serious hazard to life. 
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cially in the United States, much confusion still exists regarding this 
disease, no little of which is occasioned by the great interest in a totally 
different process designated by a somewhat similar name, lymphogranu- 
loma venereum. Lymphogranuloma venereum was reviewed in this 
Journal by Beerman, Ingraham and Stokes® in 1939. The following 
summary, presented in a more or less didactic fashion, gives the essential 
facts about granuloma inguinale in so far as the recent literature is con- 
cerned. 

Much credit must be given to certain individuals and groups for their 
tireless efforts and prolonged study Avhich have led to our better under- 
standing of this disease. Chief among the investigators are the University 
of Georgia group (Torpin, Sanderson, Fund, Greenblatt, Dienst and 
Brandt) and the New Orleans Avorkers (D’Aunoy and von Haam). Many 
others haAre contributed recentlj^ to individual phases of the increasing 
knowledge of granuloma inguinale (Goldzieher and Peck, Harris, Halty, 
Williamson, HoAvard Fox, DeMonbreun, Harry M. Robinson, Schoch and 
Alexander, Scott, Lyford and Johnson, Paggi and Hull, and numerous 
others Avhose Avork Avill be specifically referred to). 

Definition Granuloma inguinale is a chronic specific granulomatous 
infection, manifested clinically by inA'oh’^ement of the skin and subcu- 
taneous tissue, usually of the inguinal region, and histologically by the 
presence of DonoA’^an bodies Avithin large mononuclear cells. It is auto- 
inoculable and only feebly transmissible. . ■, 

Synonyms. Granuloma inguinale has been described under a variety 
of names; Granuloma venereum, granuloma genito-inguinale, granuloma 
pudenda tropiciim, ulcerating granuloma, sclerosing granuloma, chronic 
venereal sores, granuloma contagiosa. 

Historical RevieAV. The disease Avas probably first recognized by 
McLeod^® (1892) in India. He described it under the term “ serpiginous 
ulceration of the genitals.” Cohyers and Daniels*'* (l896) reported cases 
as a separate clinical entity from British Guiana and gave accurate clinical 
descriptions of the disease. They named it, granuloma inguinale. Gallo- 
way^^ (1897) noted a case in London. Major 'C. Donovan^" (1904) demon- 
strated the organism Avhich he found constantly in the lesions of patients 
suffering from the disease in the Madras General Hospital in India. Later 
Lynch*- (1921) of Charleston isolated and cultured a gram-negative 
encapsulated bacillus AALich he felt certain was the Donovan body. Grin- 
don®® reported the first case in the United States in 1913, and in the 
1920’s numerous cases Avere reported from all parts of the country (Randall, 
Small and Belk;®® Reed and Wolf;®* Gage;®® Johns and Gage;** Fox;®® 
Schochet;®® Symmers and Frost®®). The infectious nature of the process 
Avas demonstrated by transmission to monkeys by DeMonbreun and Good- 
pasture;*® to human beings by McIntosh** (1926) and more recently by 
Greenblatt and his associates*®'®* (1938 and 1939). Aragao and Vianna® 
of Brazil first introduced tartar emetic into the treatment for granuloma 
inguinale (1913) and Williamson®® (1933) found fuadin highly successful. 

Etiology. The identity of the possible causative agent of this disease 
has occasioned much controA'ersy. From 1882 to 1905 it Avas thought to 
be that of tuberculosis or syphilis. Later a symbiotic infection of a 
spirochete and short motile rods AA^as brought forth as the possible etiology 
by Butts® (1937). Donovan®® (1904) reported the findings of intracellular 
organisms, supposedly protozoa, and since his discovery these bodies have 
been called the' DonoA^an organism; or DonoA’^an bodies. • They are con- 
stantly associated Avith the disease, and, though accepted as diagnostic. 
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Ir.ive not fulfilled Koch’s postulates as to their etiologic role. These 
i)odies have been variously interpreted as diplococci (Seibert Martini^®), 
fungi (schizoinycetcs, Ai’agao and Vianna,'"* 1913), bacteria related to the 
Ihirilltif! vnicosus capifiildfus group (Itandall, Small and Belk;*’' Demanche 
and Levy-Bruhld' Poindexter’’*), as an organism relateil to rhinosclerouia 
(Goodman*®^) and the Klebsiella group (D’Aunoy and von Haam'®). 
Most authorities are in agreement that the Donovan organism, even 
though it might prove not to be etiologic, is of high diagnostic value in 
that it is constantly associ,ated with the disease process. 

Succc.ssful culture was claimed by Aragao and Vianna’’* (191.3); Fhr^ 
(1911); Goldzieher and Peck'-'* (1920); McIntoslP' (1920-28); Walker** 
(1918); D’Aunoy and von HaanP® (1937); Menon and his associates'*'' 

(1933 and 1935). Dienst, Greenblatt and Sanderson;** Greenblatt, 
Dienst, Fund and Torpin** as well as Carter, Jones and Thomas** 
have denied that the true etiologic agent of the disease has been cultured, 
since the orgaiiisms cultured have in most instances failed to reproduce 
the disease. Anderson* (1943) rvorking with deMonbreun’s material, 
which was rich in Donovan bodies and with remarkably little bacterial 
contamination, reported the cultivation in the yolk sac of living chick 
embryos of a microorganism that has all the morphologic characteristics 
of the Donovan organism and is as yet neither cultivable on ordinary 
culture media nor pathogenic for mice, dogs or monkeys. 

Successful transmission of the disease to animals has been reported by 
hlenon and Annamalai,'** deMonbreun and Goodpasture,*® Goldzieher and 
Peck,*® but denied bj' Campbell* and the University of Georgia poup 
(Dienst, Greenblatt and Sanderson*®), who were unable to transmit the 
disease to rabbits, guinea pigs, rats and mice by intraperitoneal, intra- 
testicular or subcutaneous inoculation of material aspirated from unrup- 
tured pseudobuboes. ‘The Georgia group*® (1938-39) has 
reproduced the disease in humans by inoculation of aspirated pus from 
pseudobuboes of granuloma inguinale which contained no other organisms 
than Donovan bodies. These organisms were recovered in abundance, 
to the exclusion of other organisms, from the experimentally-induced 
lesions. The workers conclude that the Donovan bodies are strictly 
tissue parasites to man (Greenblatt®*) (1943). 

The organism is successfully stained by the Wright or Giemsa and by 
Delafield’s hematoxylin method with eosin, and by silver (Dieterle**) 
impregnation method. It is characteristically seen within large mono- 
nuclear endothelial cells, has an affinity for hematoxylin, and is gram- 
negative. In acute fulminating lesions or in the immature stages of the 
development of the organism, it is not encapsulated, but acquires this with 
age (Sanderson*®). The nucleus of the encapsulated body resembles a 
small curved bacillus and shows one or two terminal swellings simulating 
polar bodies, and may appear diplococcoid. Atypical forms with diph- 
theroid structure or appearing as non-encapsulated bacillary or diplo- 
coccoid forms surrounded by a zone of rarefaction are frequently seen. 
Varying interpretations of the organism’s nature may be easily explained 
by this pleomorphism. In sections the affinity of the intracystic bodies 
for silver salt is characteristic, and they stain black to brown with a 
closed safety-pin appearance because of their elongated, ovoid and inten- 
sified polar staining reaction. 

Recently Mortara and Dienst** (1943) reported a new method to demon- 
strate Donovan bodies in exudate from patients with granuloma inguinale. 
It is not proposed to replace Wright’s stain, but is to Im used in conjunc- 
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tion with it in doubtful cases. The new procedure demonstrates added 
characteristics of the Donovan body that further differentiate it from the 
Klebsiella group of bacteria. The authors obtained best results with the 
following procedure: 

1 . Fix smear of exudate by drying in air or gentle heating. 

2. Flood smear with basic fuchsin (0.5% aqueous solution) 2 minutes. 

3. Wash off excess dye with water and decolorize with citric acid (0.5% 
aqueous solution) until dye ceases to leave the smear (approximately 
5 seconds). 

4. Wash in water and counterstain with aniline blue (1% aqueous solution, 

1 minute). (Aniline Blue, water soluble C. I. No. 707, National Aniline & 
Chemical Co.) 

5. Wash, dry and examine with oil immersion lens. 

If this procedure is used in dry smears from lesions of granuloma in- 
guinale the intracellular microorganisms are stained a deep pink and the 
endothelial cell is stained deep blue. Extracellular Donovan bodies are 
also stained pink with a delicate blue outer covering. The miscellaneous 
bacteria and spirochetes that may be present are stained blue. Desqua- 
mated epithelial cells are not usually decolorized and remain pink. Encap- 
sulated K. pneumonise is stained blue by this method. 

The difficulty many experience in getting positive smears may be over- 
come by the suggestion of Weidman®® that “ there is a trick in staining for 
the Donovan body. When differentiating the Giemsa (or other Romanow- 
sky) stain do not let it remain too long in the water. After staining, slide 
it into the water and then out promptly; otherwise the capsule becomes 
bleached and the Donovan body cannot be distinguished from the diplo- 
cocci.” 

Alexander and Schoch' (1940) were successful in'using the Giemsa stain 
to demonstrate the typical pathologic findings in granuloma inguinale. 
They conclude that it is necessary for the demonstration of the pathogno- 
monic histologic picture of granuloma inguinale. 

Geographic Incidence. The geographic distribution of the disease is 
wide and includes India, southern China, Australia, West Africa, the 
East and West Indies and most parts of North, Central and South America. 
Like lymphogranuloma venereum, it was formerly regarded as a tropical 
disease, but this is hardly a tenable view today in that cases have been 
noted from practically all parts of the United States. GreenblatC® (1943) 
points out that cases have been reported from almost every country and 
zone, from the equator to Scandinavia. As indicated by Fox^® the number , 
of cases reported does not give a fair idea of the prevalence of the disease 
in the United States. D’Aunoy and von Haam’® (1937), also, cite numer- 
ous case reports from the literature showing the vdde distribution of 
granuloma inguinale in the United States and believe that the reported 
cases are not indicative of the true incidence of this infection in the United 
States. Harris®® (1930) states that the disease has been noted in this 
country “from Boston to San Francisco; from Portland to Savannah; as 
far north as Wisconsin and as far south as Georgia and New Orleans.” 
He believes that the disease seems to travel from large seaports towards 
the inland sections along the great waterways. 

Epidemiology. The infrequency of infection of the coital partner has led 
some to doubt the venereal origin of granuloma inguinale (Campbell,® 
1928). In fact, undoubted examples of non-venereal infection with granu- 
loma inguinale have been reported (Sidlick,^® 1927; Campbell,® 1927). 
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Some iiutliors have suggested the possibility of insect vector transmission. 
1 1 is a relatively uncommon disease because of the difficulties of transmis- 
sion. Most cases appear during the period of acti^"e sex life, but the 
disease has been reported in a newborn baby (Arnell and Potekin"'); in 
children of 2 to G years of age (McLean, 1911; Sabella and Wise®®), anti 
in an old man (94 years of age) (D’Aunoy and von Haam,’®^ 1937). In 
the United States, negroes are affected more than whites. D’Aunoy and 
von Haam^® found a ratio of 10:1 in their series of 294 cases from New 
Orleans. GreenblatP® (1943) states that of some 75 cases studied in the 
University of Georgia in S years, Donovan bodies were found in only 
3 white patients. In 1 of these, the lesion was on the vulva, was self- 
limited and healed without therapj'. Hindus are affected more frequently 
than Mohammedans. Thus, MenoM" (1933) and Nair and Pandalai®^ 
(1934) have independently and from different sources in India reported 
the incidence of Hindu to Mohammedan to be 72 to 1 and 57 to 4, respec- 
tively. 

Although it is generally believed that women are more often the victims 
of granuloma inguinale than men (Galloway;-’ Grindon®®), D’Aunoy and 
von Haam found that men are affected twice as often as women. This 
is confirmed by other series of cases in the literature (Harris;®® Fox®®). 
It is possible that infections in women may have escaped notice because 
so many lesions are located on the vagina and cervix, -while in the male 
the lesions are more conspicuous and disturbing. 

Pathologic Histology. Although descriptions of the clinical processes 
produced by granuloma inguinale are varied, there is certain unanimity of 
opinion concerning the histologic changes which permit specific diagnosis 
from clinically suspected lesions. According to Pund and Greenblatt®® 
(1937) the essential features histologically are: massive granulation tissue 
with numerous plasma cells, scanty lymphocytes, and scattered poly- 
morphonuclear leukocytes with miliary collections in the papillte, pseudo- 
epitlieliomatous hyperplasia of the epidermis, and a pathognomonic, mono- 
nuclear cell (endothelial cell? von Haam,®^® 1940). This cell, which per- 
mits certain histologic diagnosis, is large (25 to 90 microns in diameter), 
has intracytoplasmic cysts filled with deeply stained rod-like or round 
bodies which have an affinity for silver salts, which color them black or 
brown and give them a closed safety-pin appearance because of their 
elongated, ovoid, and intense bipolar staining reaction, von Haam and 
D’Aunoy’®’®^ state that the histology of acute granuloma venereum is a 
non-specific highly vascular granulation tissue Avhich follows a brief pre- 
liminary stage of subcutaneous infiltration and which has no characteristic 
appearance. In the chronic hypertrophic lesions, there is a massive 
development of collagenous tissue surrounding nests of plasma cells and 
lymphocytes. 

Pathogenesis. 'Traditional teaching has repeatedly emphasized that 
granuloma inguinale is a disease of the skin and corium, and not of the 
lymphatics (c/. lymphogranuloma venereum).* The frequent inguinal 
location of the process, which is often preceded by a primary focus on the 
genitalia, led Greenblatt and his co-workers to suggest that the Donovan 
body spreads from an inconspicuous primary focus by way of the lymphatic 
system to the lymph nodes, where a temporary though mild inflammatory 
focal reaction with perilymphadenitis occurs. During this process, the 

* Sobel and Pensky have recently reported a case of granuloma inguinale involving 
the lymphatics (bubonulus). (Sobel, N., and Pensky, N.: Arch. Dermat. and Synh 
48 , 494 , 1943 .) ’’ 



552 


I'KOGUKSS OK AIKDICAL SCIKNCK 


Donovan body reaches the papillae and corium of the overlying skin, where 
an inflammatory reaction is produced. The reaction may he subacute or 
chronic. In 2 cases, removal of lymph nodes underneath extensive granu- 
lomatous involvement with this disease showed involvement of the lymph 
nodes to substantiate their viewpoint. 

Location. The majority of cases occur in the inguinal region,.,on the 
external genitalia, perineum and perianal region, and to a lesser extent on 
the cervix,^^'®®’’’®® urethra, uterus, tubes,®® ovary,®® bladder, and rec- 
tum.®-^®’'® Extragenital involvement occurs in about 6% of the cases 
(Greenblatt, Torpin and Fund,®® 1938’®’®®-®®''^®) and includes the mouth,®®’®®~ 

36.40,52,66.67,73.77.79 f^cc (clieek, nose),^-®’* jjeck,i®'®®’«-“’®^ throat,^-®® lar;>Tix 

and pharynx,®® ■®®'‘*® back of the hand,®® and thigh.'®® It has occurred at 
the site of a skin graft.®® Infection of the gastrointestinal tract, of the 
bones,®®'®® and other viscera has also been reported, but is rare. Stricture 
may follow' involvement of the anal canal (Crane and Kimball;®® D’Aunoy 
and von Haam,®® 1937; Ault®), and rarely the process extends into the 
colon (Crane and Kimball®®). 

The incubation 'period of granuloma inguinale has been variously recorded 
from 2 days to 3 months. Greenblatt and his co-workers®® '®®'®®'®®’®®'®®'®® 
reported an incubation period of about 21 days in experimental human 
inoculation, although the exact time was difficult to determine. 

We propose the followdng adaptation of Halty’s®® classification and 
description of clinical symptoms : _ . 

1. The nodular form begins as an elevated nodule 1 to 4 cm. in diameter, 
is reddish in color and soft in consistency and grows to a variable size. 
It is usually an early manifestation and in most cases will undergo further 
changes, but may regress with or without treatment. Greenblatt and 
his co-workers®® (1943) suggest the term “pseudobubo” for this subcuta- 
neous nodular involvement. 

2. The ulccrovegetative form is the most common clinical variety. It 
develops from the nodular type by excoriation or maceration of the super- 
ficial epithelium followed by the development of a rather spongy and 
easily bleeding surface covered "with granulation tissue. The lesion 
spreads peripherally by continuity or new lesions may appear as the result 
of autoinoculation. In the earlier stages the granulation tissue is clean, 
pinkish red, the discharge serosanguineous, and the surface relatively 
smooth, whereas in older lesions or in grossly neglected cases, the surface 
becomes more uneven, the discharge seropurulent and foul smelling, and 
the granulation tissue changes to a grayish dirty hue. The border is 
sharply demarcated, indurated, and raised above the level of the skin. 
The process shows frequent tendency to spread along the inguinal creases 
and progresses slowdy over w'eeks and months. This stage has given the 
disease its name. When healing takes place, atrophic depigmented scars 
develop with permanent loss of hair. Sometimes contact ulcers ma 5 '’ occur 
in which, in the natural state, the ulcerated areas appose and are in contact 
wdth each other (Torpin, Sanderson and Brandt®®, 1939). 

Secondary infection, particularly with spirochetes or aerobic or anaerobic 
organisms may considerably alter the picture and result in the production 
of deep ulceration and necrosis of the soft tissue. If a serpiginous ulcer 
develops on the penis, marked mutilation may result, for spread on the 
mueous membrane of a genital organ is more rapid than on the skin. 
In 55 cases of their series, D’Aunoy and von Haam®® (1937) noted exten- 

* Weiner and co-workers have reported granuloma inguinale of the eyelid. (Weiner, 
A, L., Gaj’non, I. E., and Osherwitz, M. S.: Am. J. Ophthal., 26, 13, 1943.) 
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sive necrosis of the deeper layers of the soft tissue, and particularly in 
colored women, extension into the rectovaginal septum with the produc- 
tion of rectovaginal fistulre and perianal phlegmon. This secondary infec- 
tion is usually ushered in with fever and general malaise. The usual 
history is that the lesion “ took a sudden turn for the worse.” Two patients 
so afflicted died, and at autopsy were found to have far-reaching cellulitis 
of the soft parts of the pehds with far-advanced pyelonephritis in associa- 
tion with genital mutilation. Cardwell and Fund*® record the develop- 
ment of carcinoma superimposed on a chronic granuloma inguinale of the 
cervix. Wilson®* noted that under the influence of pregnancy the disease 
progressed rapidly and that these patients seemed to have a tendency to 
stillbirths or neonatal deaths higher than the average individual. 

3. Hypertrophic lesions are not frequently seen. Halty®^ states that this 
type is distinguished by the exaggeration of the proliferative reaction. 
Large vegetating masses, sometimes several centimeters high, spring from 
the lesions simulating simple vegetation or more rarely neoplasm. These 
masses present a cerebriform surface noth considerable debris and the 
discharge has a markedly fetid odor. 

Elcphantiasic form: Esthiomene-like pictures are now being recognized 
with increasing frequency as being due to granuloma inguinale, as well as 
lymphogranuloma venereum (D’Aunoy and von Haam;’® Alexander and 
Schoch;^ Fox*®). This ,+.ype varies from mildly hypertrophic ulceration 
to true elephantiasis with deep ulceration. In a differential diagnosis 
from lymphogranuloma venereum, D’Aunoy and von Haam’® point out 
that in granuloma inguinale the swelling is associated with extensive scar 
formation in or around the enlarged tissue part indicating pre\dous ulcera- 
tion, whereas in lymphogranuloma venereum the skin is thick and edema- 
tous, but other\vise normal, 

4. The cicatricial type is the result of a peculiar host reaction to the 
infectious agent leading to the formation of keloid-like lesions. The sur- 
face of the lesion may be compared to the relief map of a mountainous 
country with depressions between knobs of piled up tissue. The lesion 
is firm and elastic and the overlying skin may or may not show scars of 
previous ulceration. This keloid is not a healing or healed stage of the 
disease, but is a progressive lesion, since puncture will reveal the Donovaji 
bodies and histologic examination will show small nests of inflammatory 
cells containing the organism embedded in dense collagenous fibrous tissue. 
In older cases, Cole’® noted a tendency to cicatrization Awth lymphatic 
obstruction, which resulted in marked changes in the labia and the forma- 
tion of a Hottentot apron of the clitoris. 

Systemic symptoms are usually slight or absent unless there is secondary 
infection, deep ulceration, rectal stricture or extension of the process to 
the tubes or ovaries. D’Aunoy and von Haam’® in their series noted 
slight discomfort, heavy discharge, itching, burning pain, urinary and 
rectal complaints, weakness and fever. Paggi and Hull’s*® case of meta- 
static granuloma venereum had very severe constitutional symptoms. In 
our own experience, symptoms vary from practically nothing to such 
severe excruciating pain that walking becomes practically impossible. 
Extensive ulceration may actually lead to death (Greenblatt,®® 1943). 

Complications. Granuloma inguinale may be associated with or com- 
plicated by other venereal disease. Shropshear and Hibbs’® (1941) noted 
that 3 out of 7 cases of granuloma inguinale in the male, observed during 
the year previous to publication, were complicated by gonorrhea. Fuso- 
spirochetosis is a frequent complication of granuloma inguinale, and 
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syphilis, chancroid and lymphogranuloma venereum may he coexistent. 
(Occasionally malignancy may he superimposed (Greenblatt,^® 1943). 

Diagnosis. In 192G, Goldzieher and Peck-® used a complement fixation 
test antigen from excised tissue intracutaneously injected, and scratch 
tests which seemed to be specific for granuloma venereum, but others 
(Halty,^^ D’Aunoy and von Haam“) deny the specificity of any serologic, 
allergic, or other immune reaction .so far proposed. Taussig and Somogyi®“ 
found hyperglobulinemia in 7 cases which were examined for this. The 
euglobulin percentage was extremely high. This is not characteristic of 
the disease (qf. lymphogranuloma venereum). The formol gel reaction 
skin tests and animal inoculation are of no value in the diagnosis of granu- 
loma inguinale (von Haam,®^“ 1938). 

Diagnosis clinically is usually based upon the presenting symptoms and 
the identification of the Donovan bodies in smears or in tissues in associa- 
tion with the appearance of the “pathognomonic cell.” Our routine con- 
sists of the performance of a biopsy, dividing the specimen into 2 parts, one 
for pathologic study, the other for smears from the deeper surfaces of the 
specimen, where the organisms are likely to appear more abundantly than 
on the surface. Giemsa or Wright stains are used for the smears, but 
staining until silver salts gives a characteristic closed safetj--pin appearance 
to the organisms. 

Torpin, Greenblatt and Pund®- (1939) state that a “successful way 
fully to diagnose each case is to carry out the following routine, much of 
which is laboratory in nature: (1) Repeated Wassermann or Kahn tests 
to rule out syphilis; nigrosine stain-® or darkfield study for Treponema 
pallidum and other spirochetes. (2) Smears stained for gonococci, Donp- 
van bodies, fusospirochetes, Ducrey bacilli, yeast, etc. (3) Chancroid 
intradermal tests.®^ (4) Frei test. (5) Biopsy for Donovan bodies in 
tissue section, since not infrequently it is difficult to demonstrate these 
bodies in smears because of marked contamination by other organisms. 
The biopsy will establish the diagnosis in such cases and at the same time 
rule out tuberculosis, carcinoma, etc. To facilitate the diagnosis, all 
buboes, including the pseudo-bubo of this condition, should be aspirated 
under sterile conditions and routine smears and cultures made.” 

Treatment. For rational therapy, definite early diagnosis not only of 
granuloma venereum but of complications or concomitant venereal diseases 
must be made and proper treatment instituted. A number of methods of 
both local and general treatment have been proposed for granuloma 
venereum. All treatment methods leave a certain residue of unsuccessful 
cases, which by skillful combination of these methods may result in cure. 
Torpin and his co-workers®® recommend 10 % neoarsphenamine in equal 
parts of glycerin and cod-liver oil as an excellent local application to 
check phagedenic effects of fusospirochetosis as well as to serve as pro- 
phylaxis against such contaminants. They recommend in addition a local 
anesthetic such as Nupercain for its analgesic effect. Sodium perborate, 
potassium permanganate, tartar emetic soaks 1:1000 or a 1% tartar 
emetic ointment (Manson-Bahr) have been used locally. 

The local use of a mixture of 20% resin of podophyllum in olive oil 
yielded complete cures in 102 patient's treated by Tomskey, Vickery and 
Getzoff®^ (1942). The drug probably acts as a dehydrating agent and 
also has some cauterizing effect. Its use not only lessened hospital stay 
considerably (35 %) but also the favorable response was more than twice 
that of those who were also treated with antimony and potassium tartrate. 
In treatment, secondary infection should be eliminated by cleansing the 
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lesion witli liydrogen peroxide and hot sitz batlis twice a day. The 20 % 
resin of podophyllum in olive oil is applied to the lesion after each bath, 
for 5 to 7 days. Ixical topical analgesics are recommended for any resvd- 
tant burning or pain, applied about 10 minutes before the resin of podo- 
phyllum. When the exuberant granulations have disappeared and a 
healthy base is evident, resin of podophyllum is discontinued and scarlet 
red ointment is applied- following each bath to stimulate epithelization. 
The application of resin of podophyllum to any small resistant areas 
should be continued if a complete cure is to be obtained. 

Potassium and antimony tartrate (tartar emetic) has been the standard 
method of treatment since its introduction by Aragao and Vianna® in 1913. 
It is given intravenously beginning with 1 to 2 cc. and gradually increasing 
the total dose to 10 to 15 cc. depending upon tolerance. Our experience 
with drug indicates that response to treatment, if it is going to occur at 
all, will be manifested by 2 to 3 months of treatment, at which time, if 
no obvious healing takes place, change of regimen should be made. Some 
writers caution against more than a 20 to 30 injection course, although we 
have not found any increase in toxicity in the continuous use of the drug 
for 50 to 60 injections. Toxic reactions consist of nausea, vomiting, 
diarrhea, artlualgia, myalgia, coughing or sneezing attacks, and occa- 
sional nitritoid reactions, and nervous spasm. 

Fuadin, named after Fuad I, late King of Egypt, an intramuscularly 
administered antimony compound, was introduced into the treatment of 
granuloma inguinale by Williamson and co-workers®’ in 1933, following 
their observation of its remarkable efficacy in the treatment of bilharziasis. 
The compound w'as originally devised by Khlil, and is sodium antimony iii 
biscatechol disulfonate of sodium. Fuadin can be used in cases in which 
tartar emetic cannot be tolerated because of reaction, or in cases in which 
tartar emetic has failed. Williamson and co-workers recommend a 7% 
solution with dose beginning with about 1.5 cc. and gradually being 
increased every 1 to 2 days up to 5 cc. intramuscularly. They reported 
14 cases with excellent results superior to those obtained with tartar 
emetic. Rajam®’ (1934) considered it effective and more toxic. Shattuck, 
Little and Coughlin’^ found sodium antimony thioglycollate and antimonj' 
thioglycolic acid effective drugs. Anthiomaline (lithium antimonio-thio- 
malate) has also been tried (Robertson and Sharp®®). HanschelP® reports 
the enhancement of the antimony effect by combining its use with fever 
therapy, Nair and Pandalai®* by non-specific therapy, and Earle’® by the 
combination of Fuadin and sulfanilamide. Treatment should be con- 
tinued for at least 2 months after complete healing in order to avoid 
relapse, which is unfortunately too prone to occur. Favorable response 
to chemotherapeutic agents is roughly inversely proportional to the dura- 
tion of this infection, although at times surprisingly good results are 
obtained in long-standing cases (c/. Brandt and Gatewood’). 

In the event of failure of chemotherapeutic agents, physical and surgical 
methods may have to be employed. Preliminary roentgen ray irradiation 
may be followed bj^ electrosurgical excision and further roentgen ray. 
treatment. Greenwood®* in an analysis of 22 cases states that figuration 
of the edges of the advancing border of the lesion plus cleanliness resulted 
in complete healing of all cases within 70 days. Murray®® reports the 
successful use of ultraviolet irradiation . Robinson and co-workers®® ( 1 942) 
propose surgery for many cases previously considered hopeless. Their 
results are in some cases truly amazing. 
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In 1943 Mackenzie and Mackenzie,® and Astwood and his asso- 
ciates^ first reported in detail the striking effects of thiourea and 
related compounds upon the structure and function of the thjToid 
gland in lower animals. Since that tiine much additional experimental 
work with these substances in lower animals has been reported.^ 
Thiourea and its related compound, 2-thiouracil, inliibit the synthesis 
of the thyroid hormone, probably by affecting an enzjnne system in 
the gland which normally aids in the conversion of iodine into the 
completed hormone.'* I^dren the extrathyroidal thyroid hormone has 
been destroyed or excreted, a state of thyroid failure supervenes; this 
cannot be prevented or corrected by iodine, but can be counteracted 
by thjToxine. The thyroid gland becomes hyperplastic and enlarged, 
probably because of continued excessive stimulation by the thyro- 
tropic hormone of the anterior pituitary. These characteristic effects 
cannot be produced in the absence of tlie pituitary. 

The clinical use of thiouracil was first reported by Astwood in 
1943,“ and a number of additional clinical reports have appeared sub- 
sequently.®-®’** The normal human th^Toid appears to be resistant to 
thiouracil and its function seems to be affected, if at all, only after 
prolonged administration. The drug exerts a marked effect upon the 
toxic human thyroid gland. Within 1 to 3 weeks after the daily oral 
ingestion of 0.2 to 1 gm. of thiouracil is begun, most of the manifesta- 
tions of the disease begin to dimmish. There is a decline' in the basal 
metabolic rate and the heart rate, gain in weight, and general sub- 
jective improvement. The thyroid enlargement does not always sub- 
side, and may actually increase for a time; exophthalmos seldom 
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recedes.* A rise in the total serum cholesterol often occurs. The 
development of positive nitrogen, calcium and phosphorus balances 
has been reported.® Thiouracil has been employed both as a pre- 
operative agent and in the prolonged treatment of thyrotoxicosis. It 
is partially destroyed in the intestinal tract and is excreted entirely 
in the urine. A number of toxic effects have been reported; these 
include neutropenia, various dermatoses, thrombocytopenia vitli 
purpura, jaundice, pharyngitis, myalgia, hematuria, diarrhea, chills 
and fever.®-®’“ 

Table 1. — Coloh, Age, Sex, Distribution 
Coloi — 


AVhite 

Negro 

Age in decades 


33 

4 

2 3 4 5 6 7 

1 10 8 6 4 "3 


Sex distribntion — 


Male 6 

Female 31 


T.\blb 2. — Type op Goiter, Previous Therapy and Duration of Symptoms 


Type of goiicT — 

Nodular . . . • 2 

Diffuse . . . - 29 

Recurrent postoperative 5 

Unclassified 1 

Previous therapy — 

Iodine alone 4 

Iodine and Roentgen ray 5 

Thyroidectomy 5 

Duration of symptoms — 

Under 6 months 1” 

Over 6 months 20 


Table 3. — Complications of Thyrotoxicosis 

Auricular fibrillation 

Congestive heartffailure 

Ophthalmopathy 

Myasthenia gravis 

Psychoneurosis 

Mitral stenosis and pregnancy . 

Diabetes mellitus and rheumatic heart disease 

Material. This report describes our clinical experiences with 37 thyrotoidc 
patients treated with 2-thiouracil'. We have been especially interested in the 
effects of such therapy when continued over protracted periods of time. In 
addition we have had the opportunity of examining necropsy material from 
a thyrotoxic patient who was; prepared for thyroidectomy with thiouracil. 
Our observations also include ballistocardiographic data obtained in 9 thyro- 
toxic patients before, and at varying periods after thiouracil was begun. 
In Tables 1, 2 and 3 are presented clinical data pertaining to the patienm 
receiving treatment. We have included in this gi’oup 1 patient whose 
ment had to be stopped before its effect could be evaluated; she is included 
because she showed a marked neutropenic reaction associated with fever 

* Astwood (Thiouracil Treatment in Hyperthyroidism, J. Clin. Endocrinol., 4, 229, 
1944) has recently reported that thiouracil therapy is often followed by apparent regres- 
sion of exophthalmos, but our observations do not support this view. 


4 

2 

1 

1 

1 

1 

1 
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and pharyngitis (vide infra). With one possible exception, Case 8 below, all 
of our patients presented unquestionable erddence of thyrotoxicosis. The 
initial basal metabolic rate was' +20% or more in all except 1 patient, a 
woman who developed recurrent thyrotoxicosis follondng the removal of a large 
intrathoracic goiter. Her basal metabolic rate was only +12% before the 
institution of thiouracil therapy; but in other respects she presented the 
typical picture of thyrotoxicosis. Among the 30 patients nith diffuse toxic 
goiter the enlargement was marked and firm in 3. The others presented 
moderate or slight diffuse goiter. With respect to the duration of symptoms 
our patients have arbitrarily been divided into two groups, depending upon 
Avhether their s 3 'mptoms had been noted for more or less than 6 months. 
Evaluation of duration of sjTOptoms in thyrotoxicosis is often difficult since 
the disease is frequently insidious in onset, and even severely toxic patients 
occasionally deny consciousness of all sjunpioms. Of the 5 patients showing 
recurrent postoperative thyrotoxicosis, 4 had pre\dously been operated upon 
for toxic diffuse goiter; 1 had had a right hemithyroidectomy for a large nodular 
intrathoracic goiter. 

Table 4. — Response to Treatment 


General response lo treatment — 

Complete response 30 

Partial response 4 

Failures 2 

Unclassified 1 

Relapsing after -withdrawal of thiouracil 10 

Relapsing when dosage was reduced 3 

Sustained remission when drug. stopped . 8 

Sustained remission when drug reduced . 3 

Specific response — 

Rise in cholesterol 17 

Effect on exophthalmos; 

Reduced • . . . . 4 

Increased 2 

No change 11 

Effect on goiter: 

Reduced 4 

Increased 5 

No change 27 


Results oi Treatment. In Table 4 are presented data pertaining to 
the effects of thiouracil therapy in our patients. It will be seen that 
30 (81%) of the patients showed a definitely favorable response to 
thiouracil, which was reflected by a progressive fall in the basal meta- 
bolic rate to normal levels or below, usually associated with concomi- 
tant decline in heart rate, gain in weight and general subjective im- 
provement. Four patients (10.9%) showed partial, but not com- 
pletely satisfactory, improvement; 2 patients (5.4%) failed com- 
pletely to respond to the drug. In 1 case, referred to above, thiouracil 
therapy had to be stopped before its results could be evaluated. 
Among the 30 patients showing a favorable response, 11 remained 
ambulatory throughout their treatment; the remainder were hospital- 
ized for periods varying from 1 to 3 weeks at the beginning of. treat- 
ment. The basal metabolic rate was determined at w^eekly intervals 
until normal levels were attained, and thereafter at intervals of 2 to 
4 weeks. The time required for the basal metabolic rate to fall to 
+15% or below varied from 5 days to 34 weeks, the average being 
about 2 weeks. In 6 patients whose initial basal metabolic rates were 
-j-50% or higher, the average duration of thiouracil therapy before 
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the basal metabolic rate fell to +16% or below was 3+ weeks. Five 
of these patients were hospitalized during the early part of their-treat- 
ment. The average period of therapy required to bring about a fall 
in the basal metabolic rate to +15% or below in 22 patients whose 
basal metabolic rates were below +50% was 2| weeks. Of these 
patients 12 were hospitalized during the early part of treatment. 
Subjective improvement became manifest in from 1 to 12 weeks in the 
entire group, the average time being 2| weeks. Three patients who 
had responded favorably showed definite evidence of relapse when the 
daily dose of thiouracil was reduced to 0.2 gm. or less, and 10 patients 
relapsed when the drug was completely withdrawn. Evidence of 
relapse appeared in from 1 to 4 weeks in these cases and was manifested 
by a rise in the basal metabolic rate and heart rate, as well as by 
recurrence of subjective phenomena. All patients who relapsed, how- 
ever promptly responded when thiouracil was again given in daily 
doses of 0.4 to 1 gm. Three of these 10 patients have subsequently 
remained well for periods varying from 1 to 4 months following the 
complete withdrawal of thiouracil. One patient relapsed on 3 sepa- 
rate occasions when the drug was stopped, responding each time to re- 
newed therapy. She finally elected thjToidectomy and was operated 
upon, following preoperative iodization, with a good result. Three 
patients have remained in remission for periods of time varying from 

2 to 3 months upon daily doses of thiouracil of from 0.1 to 0.2 gm. 
Eight patients have remained in remission from 3 weeks to 7 months 
after complete withdrawal of therapy. Data pertaining to the dura- 
tion of observation and dosage of thiouracil in 24 cases are shown in 
Figure 1. 

In most cases thiouracil was given in doses of 0.6 gm. daily, in 

3 divided doses, for 3 or 4 days. If no untoward reaction appeared 
the daily dose was then increased to 0.8 or 1 gm., given in 4 or 5 doses. 
A maximum daily dose of 1 gm. was then maintained until definite 
evidence of remission appeared, or until it became apparent that no 
favorable response could be expected. A maximum daily dose of 
2 gm. was employed in 2 cases, ^^+en a complete remission was 
indicated by persistence of normal basal metabolic rate and heart rate 
for about 1 week, the daily dose was gradually reduced to 0.2 or 
0.1 gm. '\^^len evidence of remission continued for 1 month on this 
dosage, the drug was usually withdrawn in an effort to determine 
whether the patient would remain well without medication. Adjuvant 
treatment consisted of phenobarbital or other sedatives, and various 
mixed vitamins. One patient, described below, also received irradia- 
tion to the pituitary and estrogenic substance by mouth in an effort 
to inhibit anterior pituitarj^ activity. 

In 10 patients estimates of the cardiac output per minute were 
made, using the ballistocardiographic method of Starr.^® These deter- 
minations were made before treatment and were repeated at periods 
varying from 12 to 30 days after therapj’’ was begun. In Table 5 are 
shown percentile changes in cardiac output in 9 of these patients, 
^th percentile changes in their basal metabolic rates determined at 
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Fig. 1.— Dosage of thiouracil and duration of observation in 24 tliyrotoxic patients: 
A, Cases showing relapse when dose w'as reduced; B, cases showing relapse when drug 
was stopped: C, cases showing remission when drug was stopped; D, cases showing 
remission wdicn dose was reduced. 
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similar time intervals. In 1 patient, aged 13, cardiac output could 
not be calculated because of lack of normal standards for comparison, 
although the tracings indicated a reduction in the degree of hyper- 
kinemia. It will be seen that the cardiac output was reduced in 
8 patients coincidentally with the fall in basal metabolism which 
occurred during treatment. One patient (C. K.), who showed a nor- 
mal cardiac output but an increased basal metabolism before treat- 
ment, had received iodine for several months until 3 weeks before 
institution of thiouracil therapj'. 

Table 5. — Comparison of Changes in Basal Metabolism With Changes in Cardiac 
Output, Measured by Ballistocardiogram in 
9 Patients During Treatment 



Percentile 

Percentile 

Time 


change in 

change in 

interval 

Patient 

B.M.n. 

cardiac output 

in days 

1. D. M. . . . 

. . . . -17 

-21 

30 

2. C. K.* . . . 

. . . . -25 

-23 

17 

3. V. McC.t ■ ■ 

. . . . -10 

-23 

23 

4. V. 0. . . . 

. . . . - 8 

-26 

17 

5 . W. B. . . . 

. . . . -42 

-86 

26 

6. J. M. . , . 

.... -34 

+ 3 

19 

7. E. W. . . . 

.... -17 

-44 

28 

8. H. C. . . . 

.... -37 

-42 

14 

9. P. N. . . . 

.... -43 

-30 

15 


Cardiac output within normal limits prior to treatment. 

t Received thiouracil 14 of the 23 days. 

Thiouracil as a Preoperative Agent. Although our chief interest is 
centered upon the results of protracted therapy with thiouracil, we 
have employed it as a substitute for iodine in the preparation of 
4 thjTotoxic patients for subtotal thyroidectomy. Three of these 
patients had diffuse toxic goiters and 1 had a toxic nodular goiter which 
had precipitated congestive heart failure. One patient, discussed 
below, died 20 hours after operation, but we do not believe that thio- 
uracil contributed to his death. The other 3 patients responded 
satisfactorily to the preoperative use of the drug, and their postopera- 
tive courses were uneventful. In these patients the period of hospital- 
ization from the beginning of thiouracil therapy to the time of opera- 
tion was 17, 21 and 38 days, respectively. Their, basal metabolic 
rates fell to -f-15% or below in 8, 14 and 31 days, respective!}^, after 
treatment was begun. One of these patients had taken iodine for 
4 months before entering the hospital. 

At operation the gross appearance of the thyroid glands in these 
patients differed markedly from that seen in patients treated pre- 
operatively with iodine. There had been no apparent reduction in 
size of the goiter, and the glands were friable, vascular and bled rather 
freely. Histologic examination of the tissue in the 3 patients with 
toxic diffuse goiter showed a complete absence of the usual changes 
produced by iodine. Instead of the increase in colloid content and 
flattening^ of the acinar epithelium, there was marked, persistent 
h}'perplasia, and the appearance was quite similar to that of the 
untreated toxic thyroid. The nodular goiter removed from the 
4th patient presented no histologic evidence of toxicity, and contained 
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normal amounts of colloid, althonfjli the patient was clinically thyro- 
toxic. In 1 case a l)io])sy of the thyroid was taken before thiouracil 
was begun. Comparison of the histologic appearance of this tissue 
with that rcmovccl at operation (Fig. 2) shows the persistence of the 
typical thyrotoxic changes. 



Fig. 2.— Ilistolocic appearance of loxic tfiyroid of patient V. McC. .-I, Before treatment 
(biopsy); li, after 23 dhy.s on tliiouracil (tliyroidoctomy). 


Three patients who had received thiouracil were subsequently 
operated upon following iodization, at intervals of 5, G and 7-^ weeks 
after the withdrawal of thiouracil. Two of these patients failed to show 
a marked preoperative response to iodine, although their postoperative 
courses were not unusual. Sections from the thyroids of 2 of these 
patients showed some evidence of involution, although the colloid 
was somewhat thinner than usual and showed peripheral vacuoliza- 
tion. The thyroid of the third patient, which was markedly and 
diffusely enlarged, showed advanced involution with large amounts of 
colloid, despite the fact that lie was severely toxic and resistant to 
both thiouracil and iodine. 

Complications of Treatment. Untoward reactions attributed to 
thiouracil were observed in S patients.* The most important com- 
plication was that of severe leukopenia, associated with pharyngitis 
and fever, which was observed in 2 cases. The first patient was a 
white woman aged 41 years. Her leukocyte count dropped to 1200 per 

* One of tlieso patients who exhibited urticaria has not been included in our series 
because the diagnosis of thyrotoxicosis was doubtful. 
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c.mm. (28% neutrophils) after receiving thiouracil for 23 days. Two 
days later the leukocyte count was 1850 per c.mm. (12% neutrophils), 
her temperature had risen to 104° F. and there was severe acute 
tonsillitis and pharyngitis. No localized ulcerative or necrotic lesions 
appeared in the mouth or pharynx. Thiouracil was stopped when 
the leukopenia was first noted, and pentose nucleotide injections were 
started when the fever appeared. The pharyngitis and fever subsided 
in 3 days and the leukocyte count returned to 3800 per c.mm. (30% 
neutrophils) on the 5th day. Eight days later thiouracil was again 
given in doses of 0.2 gm. daily, but after 6 days the leukocyte count 
again fell to 2400 per c.mm. and the drug was again stopped, although 
other symptoms did not reappear. After an interval of 1 month 
thiouracil was again started cautiously in doses of 0.2 gm. daily, and 
no subsequent fall in leukocjde count occurred, although treatment 
was continued for 2 months. The thyrotoxic phenomena then sub- 
sided and the patient has remained well for 3 months without medi- 
cation. 

The second patient was a white man, aged 22 years. After receiving 
thiouracil in doses of 0.6 to 1 gm. daily for 9 days, pharyngitis, chills 
and fever appeared with a leukocyte count of 2200 per c.mm. (69% 
neutrophils). The drug was stopped and her signs and symptoms 
disappeared within 3 days. After 33 days thiouracil was resumed. 
After taking 0.4 gm. in divided doses, fever (100.4° F.), cervical 
adenitis and slight pharyngitis appeared, although the leukocyte count 
remained normal. This patient gave a history of allergy, and had 
developed a dermatosis following iodine therapy 6 years previously. 

In addition, 14 other patients whose leukocyte counts were within 
normal limits prior to the institution of thiouracil tlierapy, showed a 
fall in total leukocyte count below 5000 per c.mm. within 4 to 55 days 
after tlie drug was begun. In 6 of these patients, the leukocj’te count 
returned to normal levels despite continuation of therapy. One 
patient whose count fell from 8200 to 4100 per c.mm. after 10 days 
on thiouracil, showed a normal leukocyte count on the following day. 
Normal leukocyte levels were maintained thereafter while the daily 
dosage of thiouracil remained at 1 gm. for 7 months. At the end of 
that time the leukocyte count had again fallen to 2800 per c.mm. with 
a normal differential formula. Splenomegaly and moderate generalized 
adenopath}^ were found before treatment was begun; the splenomegaly 
later disappeared. Aspirated sternal bone marrow examined at tire 
time leukopenia first appeared was normal. 

Two patients developed mild maculopapular facial eruptions 11 and 
19 days respectively after beginning treatment. Two patients, both 
of whom gave histories strongly suggestive of allergy, complained of 
urticaria after 7 and S days respectively on the drug.* One of these 
patients showed slight edema of the ankles and a plasma chloride 
concentration of 106 milliequivalents per liter after taking thiouracil 
for 1 month. Mild pharyngitis and fever,' probably attributable to 

* One of these patients tvho exhibited urticaria has not been included in our series 
because the diafmosis of thyrotoxicosis was doubtful. 
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tliiouracil, appeared in 1 patient after 10 days of treatment. One 
patient complained of myalgia and anorexia 48 hours after the institu- 
tion of treatment, and showed a regular evening rise in temperature 
to 101 ° F. wliich continued until tliiouracil was stopped after 2 weeks. 
Despite these reactions, her basal metabolic rate fell to normal, and 
auricular fibrillation, which had previously been present, disappeared. 
One patient, who had previously taken tlic drug for 43 days without 
untoward cfi'ect, developed severe pruritus 21 days after resumption 
of tliiouracil. 

Comment on Selected Cases. Fxamination of tlie patients who 
failed to rc.sj)ond satisfactorily to tliiouracil floes not show any sig- 
nificant common factor or pattern. The folltiwing jiatients showed 
only a jiartial rcsjionse to treatment. 

Case Reports. Case 1. J. B., an unmarried white girl, age 19, liad thyro- 
toxic symptoms for about 3 months. Kervousness and tachycardia were 
prominent. Tiicrc was moderate cxoiihthalmos, l)ut the thyroid gland was 
only .^lightly enlarged. The basal metabolic rate was +02^,'^. The patient 
was kept at rest in the hospital for 17 d.nys and thionracil was given in daily 
doses of O.G to 1 gm, for 27 days. The basal metabolic rate foil to -]r2A% 
after 14 day.s of treatment, but had risen again to +41 ‘/r after 27 daj's of 
treatment. During this time the scrum cholesterol rose from 179 to 291 mg. 
per 100 cc. Subjective imjirovcmcnt was slight , and she gained onl}* 3 pounds. 
Tliiouracil was withdrawn after 27 days and thyroid irradiation Avns begiin. 
A marked aggravation of symptoms followed the institution of irradiation 
and this treatment was stopped after 1 week. Twenty-six days later, pre- 
operative iodization was begun. After 13 days of iodine therap}' her basal 
metabolic rate was still -f 38%. Subtotal thyroidectomy was performed at 
this time. Three months after operation she had gained 20 pounds but still 
showed a moderate tachycardia and her blood pressure was 140/100. Her 
menses liad stopped and growth of hair on the lower abdomen was noted. 
The hjTiertcnsion, amenorrhea and beginning hirsutism suggest the possibility 
that her thyrotoxicosis may have been an early episode in the development of 
Cushing’s disease. 

Case 2. A. B., a white male, age 47, was first seen 2 months after the 
explosive onset of severe hyperthyroidism with very slight enlargement of the 
thyroid gland. The basal metabolic rate was 4-48%, there was severe oph- 
thalmopathj’^ noth edema of the lids and conjunctiva), superficial corneal ero- 
sion, occasional diplopia and an exophthalmomcter reading of 28 mm. in each 
eye. In addition to thiouracil the patient was kept at bod rest in the hospital, 
recei\dng a high caloric diet with extra vitamins, sedation and estrogenic 
substance by mouth. He also received a total of 2000 r units of irradiation 
to the pituitary area. _ There was gradual but steady improvement; after 
43 days on thiouracil his basal metabolic rate had fallen to 4-7%, the heart 
rate was 76 and he had gained 7 pounds. All the ocular phenomena except 
the exophthalmos gradually disappeared. He remained well with, steadily 
increasing weight for 3i months, at the end of which time he was allowed to 
return to work. Two weeks later his basal metabolic rate had risen to 4-28% 
and tachycardia, palpitation and nervousness recurred. ■ Thiouracil.. w'as 
resumed in dosage up to 2 gm. daily, but after 3 weeks of such therapy his 
basal metabolic rate was 4-30% and his pulse rate was 132 per minute,. .:The 
exophthalmos persisted, but the other ocular phenomena did not recur. -At 
this time severe generalized pruritus appeared and thiouracil was. stopped. 
Thyroidectomy has been avoided because .of the severe ophthalmopathy. 
The patient has subsequently received intermittent iodization alternating with 
thyroid irradiation. At the time of ovritingdie is still moderately thvrotoxic 
with a basal metabolic rate of -h 19 %.■, ■■ • 
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Case 3. R. S., a white married woman, age 35, when first seen was abou t 
4 months pregnant. Enlargement of the thyroid had been noted since the 
age of 9, but had increased markedly during her pregnancy. Although she 
denied symptoms, there was evidence of definite thyrotoxicosis. The thyroid 
gland was markedly and diffusely enlarged and the basal metabolic rate was 
+27 %. Her resting pulse rate was 110 per minute. There was a presystolic 
apical murmur and the cardiac contour in the orthodiagram suggested mitral 
stenosis. The patient w^as kept at bed rest in the hospital for 15 days, during 
which time thiouracil was pven in doses of 0.8 to 1 gm. daily. After 29 days 
her basal metabolic rate had fallen to — 1 per cent and thiouracil was with- 
drawn. One month later the basal metabolic rate had again risen to +27 % 
and thiouracil was again begun in dosage of 0.4 gm. daily. At this time the 
administration of iodine (10 mg. daily) was also instituted in order to insure 
an adequate supply of iodine for the fetus. Although thiouracil was con- 
tinued in daily doses of from 0.4 to 0.8 gm. for the next 8 weeks, the patient’s 
basal metaboUc rate varied from +32 to +45%, the thj^oid increased further 
in size and intermittent tachycardia persisted. Thiouracil was stopped 

1 week before delivery and Lugol’s solution was given in daily doses of 2 cc. 
The patient was delivered at term, without difficulty, of a healthy male infant 
which showed no evidence of thyroid enlargement or dysfunction. Seven 
weeks after delivery and 8 weeks after ivithdrawal of thiouracil her basal 
metabolic rate was +37%, the thyroid enlargement had increased further 
and the patient still appeared markedly thyrotoxic. Thyroidectomy was 
advised but not accepted. It is quite possible that this patient's pregnancy 
may have prevented a more complete response to thiouracil. 

Case 4. W. B., a white male, age 68, had been nervous, with tachycardia 
and intermittent abdominal pain, for 7 months, during which time he had 
■lost 60 pounds. A diagnosis of gastric ulcer was made in 'another hospital 
after two periods of treatment and study, including Roentgen ray examina- 
tion. Two months before admission he had received iodine for a period of 

2 weeks. Examination show'ed marked w'eight loss and tachycpdia with a 
tremendous increase in cardiac output (+234%). The thyroid w’as only 
slightly enlarged. The basal metabolic rate w^as +72%. There W'as no 
Roentgen evidence of peptic ulcer. The basal metabolic rate fell to +30% 
after the patient had received 1 gm. thiouracil daily for 2 w'eeks. After 
1 month of such treatment, during w'hich time he was hospitalized and given a 
high calorie diet with supplementary vitamins and sedatives, his basal meta- 
bolic rate was still +31 % and his tachycardia had not materially decreased. 
How^ever, he had gained 11 pounds, w'as subjectively much improved and his 
cardiac output had fallen to +128%. 

The foUow^ing 2 cases failed completely to respond. 

Case 5. W. L., a white male, age 29, had had thyrotoxic symptoms for 
10 months prior to admission, with loss of 50 pounds. He had received large 
doses of iodine for 2| months before we saw him. On admission to the hospital 
he presented a classical picture of extremely severe thyrotoxicosis, showing 
marked weight loss, sweating, tremor, muscular weakness, exophthalmos and 
a very large diffuse firm goiter. The basal metabolic rate was +75%. He 
received thiouracil in daily dosage of 0.6 to 0.8 gm. for 23 days -without evi- 
dence of sustained improvement. The basal metabohc rate fell to +48% 
on the 14th day of treatment, but on the 23rd day had again risen to +73%. 
•During this time he lost 7 pounds, and his tachycardia did not subside. After 
the withdrawal of thiouracil he was again given iodine, and a right heniithy- 
roidectomy was successfully performed 16 days later. Two months later a 
left hemithyroidectomy w’as performed after another period of iodine therapy, 
with eventual complete relief of the thyrotoxicosis. This patient was the 
first in our series to receive thiouracil (June, 1943) and w^e did not at the tinie 
appreciate the effect of previous iodization upon the response of the toxic 
thjToid to thiouracil. It is possible that a more prolonged period of therapy 
with the latter drug might have produced more satisfactory results. 
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Case O. M. H., a wbite fcnialo, ape 2G, had had symptoms of tliyrotoxi- 
cosis for about S months. She had received iodine for two periods of 8 and 
3 weeks re.-;pcctivclv durinp (lie 7 months prior to admission to the hospital. 
There was slipht diffuse thyroid enlargement and moderate exophthalmos, 
and her initial basal metabolic rate was +33^^. She also presented definite 
evidence of myasthenia gravis, which wa.s confirmed by her response to pro- 
stigmine. She received thiouracil in daily dosage of O.G to 1 gm. for 40 days 
wUhont faYorable subjective, or objective response. Durinp this period she 
lost 3 ])Ounds. Her basal metabolic rale rose to after 12 days of 

treatment, fell to on the 32nd d.ay and rose again to +22% on the 

40th day. On the 2nd day of tre.atmcnt she developed a diffuse respiratory 
infection with fever up to 102° F. and received sulfadiazine for 2 days. Irra- 
diation therapy to the thyroid and thymus areas was begun 2.7 days after the 
witlidr.awal of' thiouracil.' The thyrotoxic manifestations have almost com- 
pletely disappe.ared after two scries of irradiation and there lia.s been con- 
comitant im])rovement in her myasthenia, although she still requires prostig- 
mine and cphcdrinc. This jiatient has been consistently unable to cooperate 
satisfactorily in her basal metabolism determinations and all of the values 
obtained arc open to question. There can be no doubt, however, as to the 
existence of both the thyrotoxicosis .and myasthenia gravis. Her improve- 
ment following irradiation therajiy is likcwi.«e beyond question. 

Tlie following cases arc clc.scrihcd briefly because of .some features of 
unusual interest. 

Case 7. A. S., a colored male, age 4S, had had thyrotoxic symptoms for 
IG months, with a 30 ])ound weight loss. Examination showed cxojrhthalmos 
with stare, emaciation, muscular wcaknc.ss with marked tremor, diffuse 
nodular goiter of moderate degree, auricular fibrillation, generalized aden- 
opathy and .slight enlargement of the spleen. The basal metabolic rate was 
there was a slipht lymphocytosis (leukocytes 8200 per c.mm. wdth 
54 % lymphocytes). After 22 days on thiouracil, during which time ho also 
received digitalis, a high caloric diet and extra vitamin B with continuous bed 
rest in the hospital, lie showed little evidence of improvement. Auricular 
fibrillation was still present, he had lost 2 pounds, and his basal metabolic rate 
wa.s -f31 %. Subtotal thyroidectomy was advised, but was refused. The 
patient requested tiiat he he allowed to continue thiouracil while resuming his 
work as a cement finisher, and this request was somewhat reluctantly granted. 
Two weeks after discharge from the hospital, on a dail}' dose of O.G gm. of 
thiouracil, his basal metabolic rate was +5b% uud auricular fibrillation per- 
sisted, but he had gained 14 pounds witli no c\ndencc of congestive heart 
failure and felt much better. Six -weeks later his basal metabolic rate was 
-f 26%, he had gained another 7 pounds, the cardiac rate was 90 per minute 
and the rhythm was regular. The spleen was still palpable but the aden- 
opathy was less marked. The daily-dose of thiouracil was increased from 
0.6 to 0.8 gm. Except for one 10-day period the patient took thiouracil for 
6 months continuously after leaxdng the hospital. At the end of that time 
he had gained 28 pounds, the cardiac rate and rhythm were normal, spleno- 
megaly had disappeared, the goiter was somewhat smaller and his basal meta- 
bolic rate was +5%. His eyes, however, had increased 1 mm, in prominence 
and the leukocyte count had fallen to 2800 per c.mm. with a normal differential 
formula. Thiouracil was then stopped because of the leukopenia and the 
disappearance of the thyrotoxic phenomena. This case illustrates the occa- 
sional necessity for prolonged therapy with thiouracil before satisfactory 
response is obtained, as well as the fact that leukopenia may appear or reap- 
pear after the prolonged administration of thiouracil. 

Case 8. E, M., a white female, age 50, had had several attacks of rheu- 
matic fever in childliood, and heart disease had been diagnosed at tlie age 
of 20. She had been under medical treatment for recurrent congestive heart 
failure for 2 years prior to admission. Following the death of her husband 
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9 months before admission, she had become increasingly weak and dyspneic 
and had lost about 40 pounds. Examination showed marked nervousness, 
tremor, slight stare, auricular fibrillation, signs of congestive heart failure, and 
evidence of mitral stenosis and regurgitation with probable tricuspid regurgi- 
tation. There was no thyroid enlargement. The basal metabolic rate was 
-t-47%. Her response to digitalis and other measures directed toward reliev- 
ing the circulatory failure was unsatisfactory'^, and the ventricular rate remained 
rapid. She likewise failed to improve after the administration of potassium 
iodide for 1 month. At this time, when her basal metabolic rate was +34%, 
the potassium iodide was replaced by thiouracil in dosage of 1 gm. daily. 
After 12 days the basal metabolic rate was +15% and the congestive phe- 
nomena had markedly improved; although she continued in auricular fibrilla- 
tion the ventricular rate had fallen to approximately 90 per minute. She 
continued her medication at home for 2 weeks after which she returned to 
the hospital. At this time, after 6 weeks of thiouracil therapy, her basal 
metabolic rate was +11% and remained at that level until her discharge 

2 weeks later. During this time she received Cedilanid (2 mg. daily) and 2 cc. 
of a mercurial diuretic by intravenous injection 3 times weekly. She remained 
in auricular fibrillation, but the ventricular rate remained between 80 and 
90 per minute and she presented no evidence of congestive heart failure except 
a firm enlargement of the liver (cardiac cirrhosis). There was marked im- 
provement in her nervousness. Thyroidectomy was advised but not accepted. 

The diagnosis of thyrotoxicosis could not be made vuth certainty in this 
case, as the initial high basal metabolic rate might have resulted from her 
congestive heart failure. However, thyrotoxicosis was strongly suggested by 
the history of weight loss, the stare, nervousness and refractoriness to digi- 
talis. Her marked improvement and the concomitant decline in basal metab- 
olism following thiouracil likewise suggest a thyrotoxic factor. If it be as- 
sumed that thyrotoxicosis w'as not present, her apparent response to thio- 
uracil still remains of interest, since in this event it would suggest that some 
antithyroid action of the drug upon a normally functioning gland inay have 
been a factor contributing to her recovery from congestive heart failure (see 
Comment). 

Case 9. — V. McC., a white male, age 27, had first had thyrotoxic symptoms 
at the age of 24. A partial thyroidectomy was performed soon afterwards in 
another hospital which he left, against advice, 3 da 3 '-s after operation. His 
symptoms persisted with progressive weight loss of 74 pounds until his admis- 
sion to our hospital 3 years later. At that time he was severely emaciated 
with marked muscular weakness and tremor, exophthalmos and a nodular 
goiter. The basal metabolic rate was +38_%. He had taken iodine for 

3 weeks prior to admission. A preoperative biopsy of the thyroid was taken, 
but the patient left the hospital against advice before thiouracil could be 
started. He was readmitted 11 days later, having taken iodine for several 
days during the interval. After taking thiouracil in doses of 1 gm. daily for 
16 days, his basal metabolism was +28%, but he had gained 15 pounds, his 
pulse rate had declined, and he was anxious for operation. _ His preoperative 
course was marked by several episodes of morning vomiting which were 
inexplicable at the time but which in the light of later knowledge seemed due to 
alcoholism. After 16 days of thiouracil therapy, a subtotal thyroidectomy 
was performed. The patient took the anesthesia badly, became cyanotic and 
went into shock on the table after losing a rather large amount of blood. 
The thyroid gland was much larger than it had seemed on palpation. It was 
extremelj' vascular and friable. Bleeding was very free and difficult to con- 
trol. Despite several transfusions of blood and plasma, the patient remained 
in serious condition and did not react from the anesthesia. He died 20 hours 
after operation, prraenting the picture of combined shock, anoxia and thyro- 
toxic crisis. 

Necropsy showed bilateral bronchopneumonia with a histologic appearance 
which suggested that it had been present for about 3 days. Sections^ of the 
thyroid (see Fig. 2) presented an appearance quite unlike that of the iodized 
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toxic tliyroiil or tlio untreated toxic gland and resembled that described by 
Williams and Clutc” in the toxic thyroids of patientsS treated with thiocuracil. 
There was hypertrophy and In'perplasia of the e])ithclial acinar cells with 
marked reduction in colloid content of the acini and there was an increase in 
the vascularity of the gland with marked congestion. Tiic pituitary, para- 
thyroids and testes were normal. There was congestion in the spleen and 
kidneys and the liver showed slight fatty dystrophy. 

It seems unlikely that thiouracil was a factor in this unfortunate fatality. 
In retrosiicct, it is obvious that we should not have permitted the patient to 
undergo thyroidectomy and that the operation, once begun, should have been 
disconlinuc'd when he reacted badly to the anesthetic. The jiathologic report 
of a a day old bronchoimcumonia is dilhcult to understand as the ])atient 
jiresentcd 'neither fever, leukocytosis, nor any sign or .symptom suggesting 
such a procc.«s. It was later discovered that the ]iationt had been in the habit 
of consuming much more alcohol than was realized at the time of his ad- 
mission. 

C.\sE 10.— Ik M., a 13 year old girl, developerl symptoms of thyrotoxicosis 
about 1 month before admission to the hospital. She had sulTcrcd severid 
attacks of rheumatic fever beginning at the age of G. Between the ages of 7 
and 11 she had several cpilcjitiform seizurc.s. Glycosuria was discovered at 
the age of 12 .and she had received 20 units of protamine zinc insulin and 
10 units of unmodified insulin daily since that time. Examination showed 
slight exophthalmos, a moderate, diffuse thyroid enlargement, tachycardia, 
tremor, .and a loud apical systolic murmur. The l)asnl metabolic rate was 
-1-27% and tlie fasting blood sugar was 102 mg. per 100 cc. After receiving 
thiouracil in daily doses of O.G to 1 gm. for 10 days, her basal metabolic rate 
had f.allcn to +3% and lier thyrotoxic .symptoms were well controlled. Her 
thyrotoxicosis remained under satisfactory control on daily doses of thiouracil 
v.arying from 0.2 to 1 gm. for ol months. During this time she gained 31 
pounds, but her insulin requirement increased. After 51 months of treatment 
with thiouracil she required 30 units of protamine and 25 units of unmodified 
insulin in the morning and 25 units of unmodified insulin in the evening to 
prevent glycosuria on a diet containing 120 gm. of protein, 120 gm. of fat 
and 2G0 gm. of carbohydrate. Her fasting blood sugar at that time was 
122 mg. per 100 cc. 

Several possible factors may have operated in the ease to jirevent the amelio- 
ration of the diabetes which might have been cxiicctcd to accompany the 
improvement in the thyrotoxicosis. Such factors might include progressive 
growth, the onset of menstruation which occurred while she was under treat- 
ment, and possibly the production of increased diabetogenic activity in the 
anterior pituitary by thiouracil. Failure of the diabetes to improve con- 
comitantly with the control of the thyrotoxicosis is in contrast to the usual 
amelioration of diabetes when associated thyrotoxicosis is controlled by 
irradiation or thyroidectomj\ 

Comment. Our experience xvith thiouracil in the prolonged treat- 
ment of thyrotoxicosis agrees in general with that reported by other 
observers. IVe have likewise encountered the same types of compli- 
cations and toxic effects as have been reported elsewhere. Among 
these, neutropenia with associated pliaryngitis and fever appears to 
be the only one of major importance. The failure of cxophtlialmos to 
recede in our cases, and its occasional aggravation followdng thiouracil, 
do not confirm some other observations. (See footnote, p. 562 .) 
Thyrotoxic patients do not seem to become refractory to thiouracil, 
and those who relapse when the drug is withdrawn can apparently be 
brought under control repeatedly by its readministration. The ability 
of most patients to remain ambulatory, or even to continue at work, 
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while under trecatmeat for long periods of time constitutes an important 
advantage. Bed rest at initiation of treatment shortened the time of 
response. Examination of our patients who failed to respond satis- 
factorily shows no apparent common factor. However, such factors 
as pregnancy, myasthenia gravis, prolonged iodization prior to treat- 
ment and a possible background of a larval Cushing’s disease existed 
in 4 cases. In Case 5 it is possible that a more prolonged period of 
treatment with thiouracil might have produced a better response. 
In Ca^e 8 the patient’s refractoriness to the resumption of thiouracil 
ma}' hH\'e been due to an underlying hyperfunction or dysfunction of 
the anterior pituitary. 

A number oi important questions remain to be answered regarding 
the effect and clinical usefulness of thiouracil. Among these are: 

1. What late toxic effects may follow its prolonged use? Is it pos- 
sible, foi' exam{)le, that depression or e.xhaustion of. the bone marrow 
might follow the prolonged ingestion of the drug in some cases? 

2. What undesirable dislocations of endocrine relationship might be 
induced by prolonged inhibition of thyroid hormone production and 
the eonserpient disturbance of thyroid-pituitary balance? Is there 
tlm^, a ^.Kissiliility that hyperfunction of the pituitary might eventually 
be produced, or that pituitary exliaustion might ensue? Is it possible 
that (he maintenance of a chronically hyperplastic state of the thyroid 
might be followed by fibrosis, or atrophy, or neoplastic change? 

3 What is the effect of thiouracil upon the structure and function 
>A' the normal human thyroid? Observations reported to date on such 
an effect are inadequate. Much further work appears desirable in an 
effort to explain the discrepancy between the consistent effects of 
thiouracil in normal lower animals and its apparent lack of effect on 
the normal human. Our observations in Case 8 suggest the possibility 
that there may be some action upon the normal human thjToid which 
might prove of considerable therapeutic value in congestive heart 
failure and certain other disorders. 

4. What types of thyrotoxicosis will respond best to thiouracil, and 
how long must such cases remain under treatment before a permanent 
cure is effected? 

5. Could the therapeutic response in thyrotoxicosis be enhanced by 
the coincidental use of antipituitary agents such as irradiation, estro- 
gens or androgens? 

The observation of many more cases over a much longer period 
time will be necessarj'^ before these questions can be answered, and 
before the usefulness of tliiouracil can be ultimately evaluated. Evi- 
dence available at present would appear to justify the tentative con- 
clusion that thiouracil maj^ be useful: (a) in the preoperative prepara- 
tion of patients with severe or complicated thyrotoxicosis, and (b) m 
the prolonged treatment of patients with mild or moderate uncomp • 
cated thjwotoxicosis. 

The failure of some of our patients to respond to thiouracil raises 
again the possibility that certain types of thyrotoxicosis may be t le 
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result, of dystliyroiclisin rather tlian hyperthyroidism. This concept 
was suggested by Plummer* in an clYort to explain wliat he believed to 
he the unresponsivcncss of patients with toxic nodular goiter to iodine. 
The theory of dysthyroidism (that is, a toxic state rcs\ilting from the 
production of an abnormal lionnonnl ]>roduct of llic tliyroid gland 
rather than an excess of a normal hormonal ])roduct) lias received 
little attention in recent years. It is, liowcvcr, supported to some 
extent by the following e^■idcnce: (a) Complete and lasting reproduc- 
tion of tlie thyrotoxic syndrome as it exists in man cannot be achieved 
experimentally citiier by tiiyroxini'/.ation or by the administration of 
anterior pituitary liormones. (5) A number of clinical and experi- 
mental observations suggest that certain types of goiter may exert a 
specific ciirdiotoxic influence witliout producing a typical thyrotoxic 
syndrome. 

It is conceivable that the failure of certain thyrotoxic jiaticnts to 
respond to thiouracil might be due to the fact that their toxicity is 
due to an abnormal thyroid hormone, and that the ])roduction of such 
an abnormal hormone cannot be interrujAcd by thiouracil. 

Although toxic goiters do not usually become smaller during the 
first few weeks of thiouracil therapy. AVilliams and Clutc” have 
reported definite reduction in size of the goiters in several of their 
cases after prolonged treatment. We have likewise oliscrved this 
reduction in size in 8 of our patients after periods of treatment varying 
from 2-2 to 9 months. It has been suggested® that such late reduction 
in size might be the result of exhau.stion atrophy or fibrosis. How- 
ever, it also seems possible that c.xhaustion of thyrotropic hormone 
production by the anterior pituitary might be a factor. Tliis possi- 
bility could be investigated by measurement of the urinary excretion 
of thyrotropic-pituitary hormone in patients showing such reduction 
in size of tlie thyroid. 

Summary and Conclusions. Clinical experiences with 37 cases of 
thyrotoxicosis treated with thiouracil have been described. Thirty 
patients (Sl%) showed a favorable response, 4 (10.9%) showed a 
partial re.sponse , and 2 (5.4%) showed no response to treatment. 
Three of the G patients showing unsatisfactory response presented 
associated conditions which may have influenced their reactions. 

In 4 patients thiouracil was used during preparation for thyroidec- 
tomy. One of these died 20 hours after operation, but thiouracil was 
not regarded as a factor in his death. Necropsy in this case showed 
no lesions which could be associated with the use of thiouracil. 

The control of thyrotoxicosis with thiouracil in a 13 year old girl 
with diabetes mellitus was not followed by an increase in her carbo- 
hydrate tolerance or a decrease in insulin requirement. 

The histologic appearance of the thyroid gland i]i our patients pre- 
pared for thyroidectomy with thiouracil showed the hyperplasia and 
other changes previously reported by others. 

Eight patients have remained in remission for periods varying from 
3 weeks to 7 months following the complete withdrawal of thiouracil; 
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on mininaal doses (0.1 to 0.2 gm. daily) 3 patients have responded like- 
wise. Thirteen patients relapsed when the drug was either reduced ' 
in dosage or withdrawn; all of these patients, however, again responded 
to readministration of thiouracil. 

Measurements of cardiac output by ballistocardiogram in 9 patients 
showed a general tendency toward reduction in output under thiouracil 
therapy which was roughly parallel with the decline in basal metab- 
olism. 

No evidence of development of refractoriness to thiouracil was 
observed. 

Untoward reactions attributable to the drug occurred in 8 patients. 
The most important of these was neutropenia witli pharyngitis and 
fever, noted in 2 cases. Reduction in the size of the thyroid gland 
was noted in 8 patients after prolonged treatment. Exophthalmos 
tended either to remain stationary or to increase slightl 3 ^ 

l^Tiile much further work remains to be done before the clinical 
usefulness of thiouracil can be finally evaluated, it may tentatively be 
concluded that this drug effectively controls most of the phenomena 
of thyrotoxicosis in the large majority of patients, and that its use at 
present is justified in the protracted treatment of mild or moderately 
severe cases and in the preoperative preparation of selected patients 
for tliyroidectomy. It may also prove of considerable value in patients 
regarded as imacceptable surgical risks. 


We are indebted to Dr. Isaac Starr for the ballistocardiographic data, to Drs. R. C. 
Horn and Joseph Snyder for pathologic reports, and to the Lederle Company for their 
generous cooperation in supplying us with thiouracil (Deracil). Measurements of 
exophthalmos with the Hertl Exophthalmometer were made by members of the staff 
of Dr. F. H. Adler, Chief of the Department of Ophthalmology. 
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THE USE OF PENICILLIN IN TOPICAL APPLICATION 
Ih- Lawhknxk it. Sophian 

BKNlOn Puncv-ON, (u^ IT.H.V.JI.SS. 

With the Technical AK^istanec of 
Valentine J. Connolly, B.S. 

Owing to the phortape of ]5cniciilin, u technique for the extraction 
of penicillin from the urine of patients under treatment for syphilis, 
gonorrhea and septic infections was developed by the author.^ It 
was found practical and inexpensive, yielding 30 to 40% of the anti- 
biotic stibstaucc administered. A considerable number of animal and 
clinical trials demonstrated that the reclaimed penicillin was non-toxic 
and non-pyrogcnic when used parenterally. Dosages as liigh as 
2,000,000 units a week were administered intramuscularly with excel- 
lent clinical results, dilYcring in no way from therapy with commercial 
penicillin. We have decided therefore that the reclamation of penic- 
illin is a useful means of economizing the substance under conditions 
of scarcity. No noteworthy information concerning the efyectivcncss 
of penicillin therapy in infections can be added from this experience to 
the data presented by Keefer and lus co-authors.- However, the 
availability of the material has encouraged us to make certain observa- 
tions concerning the use and desirability of topical apjdications. 

It has been observed that penicillin administered intramuscularly or 
intravenously rapidly permeates the body fluids, excepting the spinal 
fluid, saliva and tears.® Clinical observation made us believe that 
the nasal accessory sinuses and the skin may frequently be inadequately 
treated even with high dosages given by the intramuscular route. 
Two cases illustrate this point. 

Case Reports. Case 1 . P. T., a 20 year old male with chronic rheumatic 
endocarditis, was under treatment for Sfrc-plococciis viridans septicemia, receiv- 
ing 360,000 to 500,000 units of penicillin daily for 25 days. Tiiis ease will be 
reported in a separate pa]ier. The bacteremia was controlled and’the consti- 
tutional improvement was excellent, but the ])atient had considerable nasal 
discharge from which Strep, viridans was cultured. The frontal and maxillary 
sinuses appeared abnormally ojiaquc in roentgenograms. A saline dilution of 
penicillin, 1000 units per cc., was sprayed into the nose at frequent intervals 
with a nasal atomizer. In this way about 20,000 units of penicillin were 
administered daily. Penicillin was excreted in small amounts in the urine 
during this therapy. The clinical effect rvas good and nasal discharge became 
scanty after 5 days. 

Case 2. W. K., a 70 year old male, was treated with 200,000 units of 
penicillin by intramuscular injection 'daily for 30 days, in a clinical trial to 
determine the effect of the antibiotic on his disease, squamous carcinoma of 
the skin. At the end of this period, staphylococci were readily detected in 
biopsy sections in crypts of the tumor. Penicillin was subsequently admin- 
istered by topical application with electrophoresis and the organisms were 
not to be found after the first day of treatment. The patient’s thumb was 
being exposed to a solution of 5000 units per cc. with a 5 ma, current passed 
through it. A 30 minute treatment resulted in absorption of penicillin, as 
demonstrated by the excretion of about 1 unit per cc. of urine during the 
subsequent 4 hour period. 
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Observations concerning the employment of penicillin in tlie control 
of gingivitis and Vincent’s infection of the mouth are being made and 
will shortly be published by Strock.^ The clinical effectiveness of 
5000 units of penicillin applied as a mouth irrigant once a day is as 
great as that of large intramuscular doses. The absence of penicillin 
in the saliva after parenteral administration was noted by Rammel- 
kamp.® 

The use of an ointment for maintaining a local supply of penicillin 
on the skin was suggested by Clark, Colebrook, Gibson and Thomp- 
son,® Florey and Florey,® and Bodenliam." Since doubt was felt con- 
cerning the release of penicillin from an ointment base, the following 
in vitro tests were performed: 

Two ointments were prepared, one with lanolin as a base and the 
other using a vanishing cream base, each containing 1000 units of 
penicillin per gm. One, batch in vanishing cream base had Aerosol J\IA 
added in amounts of 0.1 and 1%. Other penetrating and wetting 
agents (Triton and Duponol C) were also tried. Since none of these 
mixtures exceeded the effectiveness of 0.1 % Aerosol AIA, subsequent 
experiments were standardized on this. A 1.5% agar medium was 
inoculated heavily with B. s^lhtilis, and after thorough agitation was 
transferred to tubes. After cooling and solidification, the surface of 
each tube was covered with a thin layer of one of several materials 
under test, and the depth of inhibition was measured from the line of 
contact to the layer of bacterial growth (Fig. 1). The results follow: 

Bacterial 

Tube Contents inhibition 

1 Ointment base with Aerosol 0.1% None 

2 Laonlin with 1000 units penicillin per gm. . . . 6.0 mm. 

3 Penicillin solution, 1000 units per CO 16.5 mm. 

4 Ointment with Aerosol and 1000 units per gm. . 15.0 mm. 

5 Above ointment without Aerosol (not illustrated) . 13.0 mm. 

The conclusion reached from these observations which were repeated 
several times was that in a suitable ointment base penicillin when 
applied topically has a considerable abilitj'’ to penetrate a solid agar 
culture medium, and penetration is enhanced by tlie addition of a 
wetting agent (Aerosol). 

A second experiment was designed to demonstrate anj- penetration 
of penicillin applied as an ointment through tissue. .The technique 
was as follows: 

Technique. Short lengths (5 to 7 cm.) of wide glass tubing (12 inin.) 'w-ere 
covered over one end bj' pieces of fresh skin obtained at circumcision opera- 
tions. The cutaneous surface was toward the tube lumen, and the tubes 
were partially filled with the material under test. Each tube was then placed 
firmly over an agar culture seeded with B. subtilis in a test tube wide enough 
to admit the slon-covered tubing. There was no eAudence of inhibition of 
bacterial grorvth through the skin layer whether by aqueous dilutions of 
penicillin np to 1000 units per cc., or bj’- ointments containing a sinrilar con- 
centration of penicillin, both with and without rvetting agents. 

As a_ check on tire failure of these hi vitro attempts to demonstrate 
penetration, 25,000 units of penicillin were applied as an inunction m 
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ointment with Aerosol. Urine was collected for the 4 hour period fol- 
lowing innnetion and failed to demon.strate any penicillin content 
within the range of our Ic.st (0.3 unit per cc.). Further attempts 
with lugher penicillin do.sage.s are being made, but it is apparent that 
din'usion through the skin is certainly too small for therapeutic utility. 



Fig. 1.— Pcnctrntion of potiirillin tlirouRh npnr from 3 media. The tubes eontnin: 
I, vanisliinK cream ointment witli Aerosol 0.1%; 2, lanolin containinf? 1000 units pcnicilliii 
per em.; S, ointment with Aerosol contnininp 1000 units penicillin per pm.; 4, aqueous 
dilution of penicillin, 1000 units per cc. The penetrating ability of penicillin is almost 
as great in the ointment b.nso with Acroscl n.s in .aqueous .solution. 


Clinical use of the penicillin Aerosol vanishing cream ointment has 
been made in a number of types of cases, as follows: 


Diagiiosis Diirntion 

1. Sj'cosis barbas . 3 ^vks. 

2. Sj'cosis b.arb!c 5 wks. 

3. Furunculosis 0 day.s 

4. Furunculosis 4 Jaj's 

5. Furunculosis 11 days 

0. Furunculosis 3 dnys 

7. Furunculosis 3 days 

8. Chronic cellulitis; ulceration (postop. 

osteomycliti.s) 9 ,nos. 

9. Chronic cellulitis; ulceration (postop. 

osteomyelitis) 7 ^jos. 

10. Indolent ulcer (symbiotic infection) . 4 mos. 

11. Chancroid i 


Kcsults 

E.KCcllcnt in 2 days 

Excellent in 4 days 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Improving (2 wks.) 
Excellent in 7 days 


T.he appearance of a zone of infection under treatment bj'^ the oint- 
ment is characterized by hyperemia and arrest of suppuration In an 
uncomplicated situation, like a furuncle, the first change is seen after 
24 hours in a lessening of the peripheral edema and reduction inten- 
sion of the lesion. Early furuncles resolve in 4 to 6 days, but suppu- 
rating ones will go on to evacuation. Chronic pyogenic infections 
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respond slowly and develop a considerable zone of hyperemia when 
the ointment is applied for extended periods. The granulation tissue 
growth is accelerated and the surface becomes engorged. Similar 
observations have been made by Bodenham.'^ 

Discussion. In his review of his discovery of penicillin, Fleming® 
makes the comment that "perhaps the most important use of penicillin 
is locally in more or less minor infections and not in the dramatic cases 
in which patients are snatched back from death.” The observations 
made here tend to emphasize the use of topical penicillin application. 
When consideration is given to the difficulty and expense of maintain- 
ing over a period of many days or weeks a high penicillin concentration 
by parenteral administration, topical applications, when practicable, 
offer a suitable alternative. It is possible to reach local levels of 
penicillin activity by topical administration far in excess of the highest 
ranges we have maintained by intravenous and intramuscular use, 
namely 0.7 to 0.9 units per cc. of blood achieved by continuous intro- 
duction at the rate of 20,000 units per hour. There are many bacteria, 
including some strains of staphylococci, which are resistant to low peni- 
cillin concentrations, or even to the high levels noted above, but are 
susceptible at still higher levels. For the control of such infections, 
penicillin maj'^ be applied topically or by both parenteral and topical 
routes. Pereyra and Tandy® noted tlie failure of ordinary doses of 
penicillin administered intramuscularly to affect chancroid. On the 
other hand, local application of penicillin ointment has been more 
rapidly curative tlian treatment with sulfonamides.^® 

Summary. 1. Evidence is cited indicating that penicillin admin- 
istered parenterally may not reach a sufficient concentration in certain 
regions for therapeutic effectiveness. Topical application in such 
regions has, in several instances, been successful. 

2. Penicillin incorporated in a suitable ointment, together with a 
wetting agent, penetrates agar sufficiently to cause inhibition of 
B. subiilis at a depth of 16 mm. Although it does not demonstrably 
penetrate through a skin layer in vitro, penicillin in such an ointment 
base has, in our experience, strikingly effective value in acute and 
chronic pyogenic infections of the skin and subcutaneous tissues, par- 
tieularly in sycosis barbae, infected superficial wounds and furunculosis. 
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PENICILLIN 

With Spfxial Pkfkrekce to Its Use in Infections 
Complicating Diabetes* 

Ih l'it\KKt.iN H. rr.cK, M.i). 

1M>. 

(Flutn silt' l.tily L;ll«>I.•'.!nri^^ nlt'l (‘litlif. hull.'itirij. il;- , 

<‘i!V 

Tm'. flUoacy of jii-nii'ilHn in tr.-aUiuMU «>f t.-orlnin tyjn-.s of py<.}:«-ni(’ 
inU’ctions. tn.cetlicr nilli roinarknlilc hn.'k of to.vi<-ity, Mifiirc.'tcfl 
that i,\\v (iniuMniuht in; partinilarly usofu! in tin- nianuttonuMit of ^oinc 
of tlu* inori' lot,'aii'/.r<l anti Ei’iU‘rali'/,o<! t'oct'u* inft‘(;tions so frotpimUlN 
I'ln'otinton^tl in :!r''''oi'i.'ition wiilj <iia)n*lf> inollitus. (.)i(*niotluTa|>y 
with snlfonamidi-s. as jaiintotl out hy Styron. Hnnnlfy am! Hoot.** 
whilo of nmltniim'd valno in cirntrollin^: tlm oxtonsion i»f infi-ctimis. 
funmn in' fXin'otoil to cnro iiotTolif lositnis .such as carlninflos ami 
pinitn'iit'. ’rin* fxj>i‘ricm‘t‘ hort* tlt'St'rilu'ti hojian when ]>i*nii'i!iin was 
stiil a iainiratory miriosity. ami Inwanso snppiii's won' so iiinitod and 
im])nre, ihi* early eases were treatet) })y innitratimi of llie tlniu. and 
the patients did not receive what are now helieved to he atlecpmte 
doses. N'evertiu'iess. tite res)n*nses oinaitu-d l)y itn'ai inilltratitnj of 
])enicillin directly into infceteti areas, when ctnnparcil with freneral 
adniini.stration liavt* hcen so strikint: that it seems worthwhile to 
direct fnrtl»er attention townni tins metinni t>f administration. 

In Itl'itt rieminii' made Itis «d)servation that aronnd a larjie colony 
of noUiUivi which aeciflentally contaminated om> of his 

culture \»lates of stajdiyloeocevis, tl\e colonies i)eeame trans})arent. 
Instead of discarding the contaminated ])late. Fleming’.s enrio.sity wa.s 
aroused and he endeavon'd to find otJt what it was in I’enieillium that 
brought about this antibacterial actum. Rulisccjtumt. exj)erimcnt.s 
showed that the active sub.stanee was soluble ami filterable and that 
it had activity against .sta])hyloeocci, hemolytic .stre])tocoeci. i)ncmno- 
cocci, gonococci and Ihicillu.s dipMhcri.r, but not against IL raft or 
B. influaizx. During the next decade the sulfa drugs wc-re deveh)pcd 
and it was not until liMO that Florey and his gnmj)^ at Oxford di.s- 
cussed jicnicilHn, as the active substance had been termed, as a chemo- 
therapeutic agent. 

By 1041, ]() clinical cases unre.sponsive to the usual chemothera- 
peutic agents had been accumulated,’ and great interest had been 
aroused in the new antibiotic agent. "J'hus, discovery of penicillin 
and its recent intensive dcvclojnncnt for thera])eutie use were both 
due to British scientists, Fleming and Florey and their collaborator.s 
at Oxford. 

The research leading up to the large-scale production of penicillin 
may well be claimed as an instance of collaboration without parallel 
in the history of the pharmaceutical industry. Collaboration has been 

* Presented April 11, 1014, before the Mcdicnl Society of the County of Oneida 
Utica, New York. 


582 


peck: penicillin 


freely carried out between scientific workers in both industrial and 
academic fields. There has been complete mobilization of all the skill 
and knowledge in both Britain and the United States for speeding the 
solution of problems of manufacture of this most unusual drug, as 
well as complete cooperation in solving the clinical problems presented 
in determining how penicillin may best be applied in the actual treat- 
ment of patients. In 1943 Chester Keefer'^ as Chairman of the 
Committee on Chemotherapeutic and Other Agents, National Re- 
search Council, and his co-workers correlated and reported on the 
results of treatment by a group of 22 accredited clinical investigators, 
and the value of penicillin was completely established. It remained 
to increase production sufficiently to permit the widespread applica- 
tion of the drug to the treatment of infections, both civilian and 
military. This is now well on the way to final accomplishment. 

Production of Penicillin. The cost of producing the early small 
batches of penicillin was tremendous, but the vital importance of the 
drug in war medicine has been an ever-present incentive to rapid 
improvement of methods. 

Intensive chemical study has already shown results by improving 
yield, purity and concentration, and has even lent encouragement to 
efforts directed toward ultimate synthesis of the drug. At present 
it must still be prepared by cumbersome biologic methods and, con- 
sequently, penicillin is of a more or less variable nature and there is 
no absolute certainty that different batches will have the same standard 
activity per milligram of solid material. 

The main steps in the production of penicillin are first growing the 
mold under conditions optimal for greatest yield, separation of the 
active principle from the mold, and its adsorption and chemical puri- 
fication and concentration. The solution is then frozen and dried 
under a vacuum. The dry material is pulverized, assays are con- 
ducted to determine the number of units per milligram, toxicity tests 
are performed, and the powder is finally packaged in a dry state for 
distribution under the regulations of the War Production Board. 

Assay. One of the earliest problems encountered was to determine 
the strength of penicillin. The cup plate or its variant, the cylinder 
plate method, and the serial dilution method are the procedures com- 
monly employed. Techniques have been developed by Foster,'^ Ram- 
melkamp,^^ and Abraham, Chain et al} When the latter observers 
first studied penicillin they prepared a reference standard to be used 
in evaluating new preparations and, furtliermore, they established the 
Oxford unit (or as it was formerly termed the “Florey” unit) which 
is defined as “ that amount of penicillin which when dissolved in 1 cc. 
of water gives the same inhibition as this standard.” The standard 
referred to gave a zone of inhibition having an average diameter or 
24 mm. 

Pharmacology. Florey® found that the penicillin solutions as used 
therapeutically are bacteriostatic rather than bactericidal. Penicillin 
is not inactivated by pus, blood, serum or tissue autolysates, and 
leukocytes and tissues are not harmed by concentrations far greater 
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than those used therapeutically. Some reactions have been observed, 
but these seem most likely to be caused by impurities rather than 
penicillin itself. Those noted have consisted of fever, chills, thrombo- 
phlebitis at the site of injection, urticaria, localized tenderness about 
the site of injection, headache, flushing, tingling in the testes, and 
muscular pain. Probably the occurrence of such symptoms will 
become even less frequent as greater and greater purity is obtained. 

Hamre et alJ found the lethal intravenous dose to be about 90,000 
to 250,000 units per kilo in mice, depending upon the purity of the 
sample. Robinson'® found that doses of 600,000 units per kilo were 
not lethal when given intravenously to mice. Such results indicate 
that further purification, or preparation of the drug as a sjmthetic 
chemical substance, may possibly be associated with even more com- 
plete freedom from toxicity. There is, of course, some variation in 
species toxicity, as shown by the fact that acute toxicity is induced in 
guinea pigs and rabbits with doses that are much lower.® The lack 
of clinical toxicity of the drug has been one of its most striking charac- 
teristics. 

Penicillin is rapidly absorbed and quickly eliminated following its 
intravenous injection.'" Fifty-eight per cent of it can be recovered from 
the urine. It diffuses readily through the tissues but does not pene- 
trate the subarachnoid space. Unfortunately penicillin is rapidly 
destroyed in the gastro-intestinal tract and, consequently, its oral 
administration is not practical. Rectal administration is also ineffec- 
tive owing to the inactivation of the drug by coliform bacilli which 
are thought to act through production of penicillinase. Excretion by 
the kidney proceeds so rapidly that, following a single intravenous 
injection, it is often impossible to detect penicillin in the blood longer 
than 3 or 4 hours. Dawson and Hobby^ point out that 90 per cent of 
the injected material has disappeared in 30 minutes, while the remain- 
ing 10% requires 3 or 4 hours before complete elimination. Conse- 
quently, single intravenous injections must be given frequently, at 
least every 3 or 4 hours over the day and night, or administration 
must be continuous by intravenous drip. Following intrathecal or 
intraarticular or intrapleural administration, penicillin has been 
demonstrated for as long as 24 hours.'® The drug is not normally 
excreted into the spinal fluid.'® 

It is well known that organisms sometimes become resistant to 
sulfonamides and this likewise is true of penicillin,'® but rarely is an 
organism resistant to both drugs. The action of the two therefore 
must be fundamentally different, and this may have a praetical bear- 
ing on therapj'^ of diseases such as chronic osteomyelitis, staphylococcus 
septicemia and the like. Most of the gram-negative bacilli are re- 
sistant. 

Indications. In general, penicillin is indicated in the treatment of 
all infections with gram-positive organisms and gram-negative cocci, 
but is useless in infections caused by gram-negative bacilli. Conse- 
quently it is important to determine the type of organism present. 
The 500 cases reported by Keefer'® included many that had failed to 
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respond to the sulfonamides, including Staph, aureus bacteremia and 
local infections with staphylococci and pneumococci; streptococcal, 
staphylococcal, and pneumococcal meningitis and empyema; pneumo- 
coccic pneumonia; gonococcic infections; and subacute bacterial endo- 
carditis. The results in the latter have been disappointing but, more 
recently, Loewe et al.^"^ treated 7 consecutive patients by means of the 
combined administration of penicillin and heparin with uniformly 
successful sterilization of the blood stream and relief of clinical mani- 
festations. 

Administration. Penicillin is very soluble and under aseptic condi- 
tions may be dissolved in sterile water, or preferably in cold sterile 
normal saline solution, so that the final concentration is from 5000 to 

20.000 units per cc. The solution should be kept cold in the refrigera- 
tor at all times, and the material to be used as soon as possible after 
dilution, at the longest within a few days. Further dilutions are made 
from the ampoule according to the route of administration and the 
dose to be given. For systemic effect injections should be intravenous 
or intramuscular, as subcutaneous administration tends to be painful. 
There is no general agreement as to the best method of administration, 
as indicated in the recent articles.®'^'® Local infiltration of solutions 
having concentrations of from 100 units to 1000 units per cc. has not 
caused enough pain and discomfort in the. present series to interfere 
in any way with the use of the drug. 

In general, the published work seems to indicate that much more 
material is required for treatment by intramuscular or intravenous 
routes than is the case when the drug can be given topifcally (this 
includes intraarticular, intrathecal and intrapleural administration). 
My own personal observations thus far have shown the desirability, 
and sometimes the necessity, for local administration directly into the 
infected area, and when this has been possible, recovery has been 
more prompt and has occurred with much lower dosage. 

Dosage. Penicillin is so soluble that as much as 100,000 units can 
be dissolved in 1 cc. In general, dosage ranges between 30,000 and 

100.000 units daily, depending upon the type of infection. It has been 
helpful to test out the sensitivity of the organisms wherever possible, 
and in any event it is essential to know with which organism one is 
dealing. Recently, there has been less tendency to begin with large 
initial doses, and often only the first dose is given intravenously, 
although some observers still prefer to administer at least the first 
24 hour treatment by intravenous drip. Dawson and Hobby^ empha- 
size that the first dose need be no larger than subsequent doses, and 
til at larger doses are not necessary in the presence of bacteremia and 
in cases without bacteremia. Lastly, in general sepsis and for local 
therapy, the intramuscular route is generally recommended. 

■ As yet, complete dosage schedules have not been entirely worked 
out for all diseases and the amounts given naturally are those wnic 
have been found effective in the treatment of cases of that partly ar 
class and do not necessarily - imply that 'final conclusions have een 
reached. 
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The early material* used was of weak potency, not very pure, and 
was not regarded as suitable for administration intravenously. Con- 
sequently, localized infections were first chosen for treatment and the 
solutions employed ranged in strength from only 100 to about 250 units 
per cc. These solutions were infiltrated into the area of infection 
with considerable success and, even with this early material, several 
cases made astonishing recoveries. The method seemed particularly 
useful in the management of carbuncles, and several cases have re- 
sponded dramatically and, in certain instances, have even gone on to 
resolution without formation of a slough. As penicillin became more 
highly purified and available in higher concentrations, cases have been 
treated bj'^ general administration of the sodium salt with good results, 
although personal experience still indicates the desirability of deposit- 
ing penicillin directly into the infected tissues where accessible. In 
some cases of carbuncle, intravenous or intramuscular administration 
has been inadequate, and supplementary injections by means of a long 
needle directly into the necrotic mass has resulted in rapid clearing 
of the lesion. Penicillin requires several hours’ contact with the 
organism to exert its full effect, and mere irrigation is not enough. 
Where a sinus presents, as in certain cases of osteomj'^elitis, satisfactory 
results have been obtained by forcing a few cc.’s into the tissues with 
a syringe every 3 hours, then preventing drainage by application of 
adhesive tape. Local injection in this manner seems much more 
economical than general administration of the drug. 

Report of Cases. Case 1. L. J., age 58, Avhite female, admitted for a 
discharging infection of the right great toe and foot. Diabetes known since 
1936. The infection began several months previously after cutting a thick 
callus which would not heel. Temperature varied from 97° to 101° F. White 
blood count, 10,800; urine sugar, 4-1-; blood sugar, 291; acetone and diacetic 
acid, negative.' Roentgen ray disclosed no evidence of bone destruction. 
Under conservative management drainage of pus continued but the diabetes 
was easily controlled by a diet of 0-120, P-80, F-lOO = 1780 calories, with 
15 units of protamine zinc insulin and 10 units of regular insulin, both given 
before breakfast; later shifted to a mixture of 10 units of protamine zinc 
insulin and 10 units of unmodified insulin. One month later Roentgen ray 
showed much more demineralization and an actual destruction of the iDOne of 
the adjacent articular surfaces of the great toe and also the sesamoid bone. 
A recheck in three weeks indicated further progress of osteomyelitis (Fig. 1) . 
Drainage was established surgically by incision over the ball of the foot toward 
the great toe. No sequestrum was found. Healing of the incision was 
prompt but there remained three sinuses draining copiously which gave 
Staph, albus on culture. 

Course. Penicillin (200 units per cc.) was injected into each sinus every 
4 hours, closing the opening with sterile adhesive tape in order to prevent 
escape of the drug. Although oiily a few cc.’s total could be infiltrated, drain- 
age ceased within 2 days, one sinus closed and was followed by the second 
3 days later. The last sinus persisted for 2 weeks before finally closing at 
which time Roentgen ray showed filling in of the bone at the original site of 
the lesion. The patient was discharged with complete healing. Total dosage 
approximately 20,000 units. ’ 

* Supplied by Dr. J. M. McGuire, Lilly Research Laboratories. In later cases both 
the sodium and calcium salts of penicillin have been employed without apparent signifi- 
cant difference in response. 
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Case 2.— W. M., age 63, white male, admitted complaining of an infected 
foot and diabetes. One toe had been removed a year previously for infectious 
gangrene. There was a low-grade fever. Culture from the draining area 
was predominantly A. serogenes and streptococcus (non-hemolytic) ; blood 
^gar ranged from 142 to 165 mg. per 100 cc., while taking a diet of C-190, 
P-80, F-90 = 1890 calories without insulin. 



Course. The foot was elevated in bed, irrigations with Dakin's solution 
were instituted and sulfathiazole administered in full dosage. Under this 
management the cellulitis regressed, but Roentgen ray e.xaminations gave evi- 
dence of a destructive bone lesion involving^ the first metatarsal. Healing did 
not occur and the sinus continued draining'profusely. 

Treatment with penicillin (200 units per cc.) was begun by filling the sinus 
caxdt 3 ’’ every 4 hours and preventing loss by closing the opening with sterile 
adhesive tape. At first the capacity was several cc., then gradually the amount 
lessened as healing progressed. In 2 weeks Roentgen ray showed definite 
improvement, drainage had ceased, and it was no longer possible to infiltrate 
appreciable amounts of the drug, so it was discontinued. Complete healing 
ensued. Total dosage, approximately 30,000 units. 

Case 3.— G. G., age 44, white male, admitted with a large carbuncle of the 
neck 6 inches in diameter of 1 month’s duration. Previous symptoms of 
diabetes extended only since onset of the infection. Blood sugar, 320 mg. 

per 100 cc.; urine sugar 44-; acetone and diacetic acid, negative. 

Course. Diabetes was controlled by a diet of C-150, P-70, P-100 — 
1780 calories, with 40 units of protamine zinc insulin before breakfast and a 
supplementarj’’ dose of 10 units of unmodified insulin. Fever daily ranged to 
102° F., the white blood count was 13,000 and there was no response to 
sive therapy with sulfathiazole. As the surgical department considered the 
lesion inoperable, five therapeutic Roentgen ray treatments were administered 
and were followed bj’’ some softening in the center of the lesion which, never- 
theless, continued to extend rapidlj'^ until it involved the right aural 
the lower part of the face, and produced paralysis of the facial nerve. 
culture was negative, smears and cultures of the pus showed a mixed grov. th 
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Pig, 2.— Case 3. Carbuncle. A, Before infiltration of penicillin; B, 2 weeks after local 
treatment with 60,000 units of penicillin. 
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with Strep, hemohjticus, A. serogenes, and gram-positive cocci predominating. 
The patient was severely toxic and after 2 weeks appeared moribund, with a 
septic temperature reaching 105° F. (Pig. 2). 

A rather crude penicillin solution (about 200 units per cc.) was infiltrated 
into the necrotic tissue by means of a long needle through the multiple draining 
sinuses and injections were repeated at 4-hour intervals (20 to 30 cc. doses) . Re- 
sponse was prompt and dramatic, the temperature falling to normal within 
24 hours. At the end of a week the patient was put in a wheel chair owing 
to a large decubitus ulcer over the back and sacrum, although he was still very 
weak and e^^denced mental aberration. Softening of the carbuncle occurred 
rapidly and excess necrotic tissue was removed surgically connecting draining 
sinuses. The insulin requirement fell to 20 units of protamine zinc insulin 
once daily. The area on the neck soon filled with healthy appearing granula- 
tion tissue (Fig. 2B) but the large decubitus lesion continued to spread and 
eventually formed a great slough. The patient refused to eat, became pro- 
gressively weaker and, after being maintained by intravenous infusions for 
almost two weeks, finally died. 

That some of the locally infiltrated solution of penicillin was absorbed gen- 
erally was shown by finding traces of penicillin in the urine. Had it been 
available, earlier administration of a suitable concentration for its general 
effect might well have prevented the ultimate outcome. Total dosage, about 
50,000 units. 

Case 4. — C. B., age 43, white female, admitted for furunculosis. A known 
diabetic for 10 3 ^ears the patient had received no treatment for 5 years. Four 
weeks previously she developed multiple furuncles over the back, two of which 
persisted and had now reached a size of about 1 by If inches in diameter. 
White blood cells, 4950; blood sugar, 420; urine sugar, 4-f-; acetone, 14-- 
Culture from the pointing furuncles disclosed Strep, hemohjticus and gram- 
positive cocci. 

Course. Taking a restricted diet, C-120, P-80, F-90 = 1610 calories, the 
fasting and postprandial blood sugar levels were controlled with 20 units of 
protamine zinc insulin and 30 units of unmodified insulin before breakfast 
with 15 units of insulin before the evening meal. All four period urine speci- 
mens became negative for sugar and insulin dosage was reduced to 30 units 
of protamine zinc insulin and 15 units of unmodified insulin, then control was 
continued with a single injection of a 2 to 1 mixture consisting of 10 units 
of protamine zinc insulin and 20 units of unmodified insulin in the same 
syringe. Blood sugar levels averaged 80 units per cc. fasting, 131 units per cc. 
postprandially. 

In this instance penicillin of somewhat higher potency (250 units per cc.) 
was injected localty into each furuncle three times daily for 8 days. Only 1 
or 2 cc. could be injected, but there was rapid and complete regression of the 
two localized lesions and the patient was discharged completelj' healed. Total 


dosage, 12,000 units. , 

Case 5. V. T., age 49, white male,' admitted for a carbuncle of the neck or 
20 daj's' duration. Sugar had been found in the urine at a previous industnaJ 
examination. The “boil” was incised 10 days previously but continued to 
spread and the lesion was now 18 bj'^ 12 cm. with a small skin opening in the 
center, draining copiously. Blood sugar, 314; urine sugar, 4-f; acetone, nega- 
tive; white blood count, 15,200; temperature, 100.6° F. Pus from the sinus 
cultured Staph, aureus. Retinal examination showed many fresh hemorrhages 
and typical exudates. „ „ 

Course. The patient was given a diet of C-120, P-60, F-80 = 1440 calo , 
and fasting and postprandial levels and the four period urine specimens v e 
well controlled with 30 units of protamine zinc insulin and 15 units or unino - 
fied insulin, both given before breakfast, then doses were ,.c„j 

2 to 1 mixture of 12 units of protamine zinc insulin and 24 umts of unmoumea 
insulin with perfect control. During the interval the patient ha a a 
chill and elevation of temperature of 101° to 102° F. without , . . 

culture. Penicillin (200 units per cc.) in 10 cc. amounts was iiitroducea inio 
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the mass locally three times daily, for 2 -weeks. The lesion responded rapidly 
and healed -ftdthout any slough ■R'^hatever. A purplish discoloration was evi- 
dent over the site of the carbuncle for about a month after discharge from the 
hospital. Total dosage, 52,000 units. 

Case 6. M. W., age 55, white female, admitted in semistupor, overwhelmed 
by toxemia, with a carbuncle of the left lower jaw, cellulitis of the face and 
diabetes melhtus. Temperature was 101° F. on admission, arose to 104°, 
pulse varied between 100 and 120, and respiration was 30 to 40 per minute. 
White blood count, 18,500; blood sugar, 320; urine sugar, 3-}-; acetone and 
diacetic acid, negative; CO 2 combining power, 56. Blood culture showed 
positive growth of Staph, albtis in the first 12 hours. 

Course. Penicillin (100,000 units) was administered in saline and dextrose 
intravenously by continuous drip, on the following day and continued the 
day after. The cellulitis rapidly spread posteriorly and the patient -was 
ob-viously moribund. It is interesting that the blood culture became negative 
after the first 100,000 units of penicillin had been administered. The patient 
died on the 3d day after admission and autopsy was refused. Dosage, 140,000 
units total. 

Case 7. L. B., age 59, white female, admitted complaining of a large painful 
carbuncle on the back of the neck -a^hich had been lanced a week pre-vdously 
and continued to extend. Diabetes was discovered 10 years pre-viously but 
the patient had never taken insulin. The carbuncle was 6 by 10 cm. in size. 
There was no fever; white blood count, 9800; blood sugar, 192; urine sugar, 2-t- ; 
acetone and diacetic acid, negative. Blood culture was negative. Culture 
from the discharge showed Staph, albus and Strep, viridans. 

Course. Sulfathiazole was administered and the diabetes was controlled 
with a diet consisting of C-130, P-60, F-SO = 1480 calories and a mixture of 
10 units of protamine zinc insulin and 20 units of unmodified insulin, which 
later was changed to 30 units of clear histone zinc insulin. Fasting and post- 
prandial blood sugar levels were held -within normal limits and the urine 
remained sugar-free in all 4 daily specimens. Two Roentgen ray treatments 
were given. Progress was unsatisfa'ctory and penicilUn was administered in 
doses of 5 to 10 cc. (5000 units per cc.) infiltrated directly into the infected 
tissues through the earlier incision (Fig. 3). This was continued three times 
daily until 100,000 units had been infiltrated. The lesion was apparently 
healed but the area was still discolored at the time of discharge, 3 weeks later. 

The folio-wing week a small fluctuant area was noted above the original site 
of the carbuncle and it was gently incised to permit drainage. It healed 
promptly, but during the next week several other small infected areas appeared 
that seemed to develop in hair follicles. These were treated -with sulfathiazole 
cream, but succeeding crops developed. The patient was readmitted for 
further treatment, and was given penicillin by intramuscular injections, 

20.000 units every 4 hours, then 10,000 unit doses, -without any local applica- 
tions. The reinfected areas subsided promptly and there has been no further 
recurrence. 

This case illustrated the comparative efficacy of locally injected and gener- 
ally administered doses. If the infection is accessible to local injection, the 
amount of penicillin required is far less. Total dosage in this case was almost 

750.000 units. 

Case 8. R. D., age 61, white male, admitted with a history of diabetes of 
about 1 year’s duration and a carbuncle 11 weeks old. It was a putrid, slough- 
ing, gangrenous mass extending between both shoulders and up to the base of 
the neck with a deep sinus extending down almost to the spine. Chills fever 
and sweats occurred daily. The blood sugar level on admission was 354’ 
urine sugar 44-, and acetone was positive. Smears and cultures from the pus 
showed a mixed infection, predominantly gram-positive bacilli and cocci 
Blood culture was positive for Staph, albus. Serum proteins 5 7 (albumin 2 9 ' 
globulin 2.8). The patient was obviously in a terminal state and recoverv 
seemed very doubtful (Plate I, A, B, C,). ^ 







Course. Administration of penicillin was begun by giving 20,000 units 
diluted to 1000 units per cc. directly into the necrotic mass, entering through 
the opening at the center of the carbuncle by means of a long needle. Injec- 
tions were made every 4 hours until a total of 400,000 units of penicillin had 
been administered. Progress was dramatic. The fever fell to normal, the 
necrotic tissues separated in a few days leaving clean granulations behind. 
One month later after a period of normal temperature when penicillin had 
been discontinued for several days, there was another chill and the tempera- 
ture rose to 104°. The original area of involvement showed obvious reinfec- 
tion, some new localized ab^scesses formed in the granulation and there was 
copious, purulent drainage. Another 100,000 units of penicillin was a^in- 
istered intravenously in the 24 hours, followed by 10,000 unit doses intra- 
muscularly every 4 hours until another 100,000 units had been given. It was 
then discontinued because the patient complained of pain and would not 
permit further injections. However, there was no further exacerbation, and, 
although skin grafting was refused, progress continued vuthout interruption 
until discharge. The blood culture was negative after the initial treatment, 
indicating that even though the injections were given into necrotic tissues 
there nevertheless was adequate absorption to produce a general sterilizing 
effect on the blood stream. Total dosage, 600,000 units. 

Case 9.— J. W., age 69, white female, admitted with advanced infectious 
gangrene of the left foot, and obvious sepsis. Amputation by disarticulation 
at the knee joint was performed 1 week later, and was followed by a rather 
stormy course as there was some reinfection about the site of the incision 
with purulent discharge, high fever, and finally a slough. After several weeks, 
a sinus formed over the condyle and there was a copious, serosanguineous 
discharge showing a mixed infection, and constant low-grade fever. Roentgen 
ray disclosed demineralization of the condyles and an area of destruction from 
osteomyelitis. 

Course. Penicillin was administered in 20,000 unit doses three times daily. 
Within 3 days the drainage had entirely ceased and in a week the sinus was 
completely healed and the area over the exposed condyle was well covered 
with healthy-looking granulation tissues. One week after beginning treat- 
ment the injections were reduced to 20,000 units twice daily and discontinued 
a few days later. A total of 560,000 units were administered with an entirely 
successful result. 

Case 10. E. D., age 68, colored female, admitted with a mixed infection 
of the right foot which was swollen to twice normal size. It was bluish red; 
there was constant pain; temperature was 101° F.; white blood count, 12,500; 
blood sugar, 313; urine sugar, 4+ ; and no acetone or diacetic acid. Roentgen 
ray disclosed partial destruction of the superior aspect of the proximal phalanx 
of the great toe and first metatarsal, both areas thought to be the result of 
osteomyelitis. On account of the widespread involvement and rapid exten- 
sion of the process, immediate amputation was considered, but it was decided 
to give the patient the benefit of the doubt, and 4 days later 100,000 units of 
penicillin were administered intravenously in 24 hours, followed by 20,000 unit 
doses intramuscularly every 4 hours. 

Course. The patient’s diabetes responded well to management after begin- 
ning penicillin therapy and she was maintained on a diet of (3-130, P-60 and 
F-80 = 1480 calories, with a mixture of 10 units of protamine zinc insulin and 
20 units of unmodified insulin given in the same syringe. AU four urine speci- 
mens were sugar-free with normal fasting and postprandial blood sugar levels. 
An incision was made to enlarge the area for drainage and at this time the 
foot resembled a bag of pus about the size of a football. Unfortunately no 
photograph was taken as we considered the whole affair hopeless. Three days 
later, under pentothal sodium anesthesia, a large linear incision was made 
along the side of the foot and drainage was fully estabhshed. Fever dropped 
to an occasional 99° F. and the dosage of penicillin was reduced to 10 000 units 
every 4 hours. Steady progress was made from that point. Roentgen ray 
10 days after treatment was started showed regression of the osteomyelitic 
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process arid actual filling in of the bone. In another 10 days the area of 
incision was almost filled with healthy gi’anulation tissue, drainage had 
practically ceased, and with the exception of a small area of necrotic fascia, the 
wound was clean. This patient received a total of 1,220,000 units of penicillin. 

Case 11. A. McK., age 77, white male, admitted from receiving ward with 
large carbuncle of neck extending from ear to ear (Plate II, A .) ; temperature 
ranging 101° to 103° F.; white blood count, 15,050; blood sugar, 301; urine 
pgar, 4+; and no diacetic acid. Blood culture was negative; the organism 
identified from pus was Staph, albus: 

In view of a plentiful supply of the calcium salt of penicillin it was decided 
to administer only systemic doses, beginning with 20,000 units ever 3 ’^ 4 hours 
day and night. Blood sugar levels were satisfactorily stabilized with doses of 
20 units of protamine zinc insulin and 10 units of unmodified insulin, both 
doses given before breakfast. The diet was C-150,, P-70, F-80 = 1600 calo- 
ries. All four period urine specimens were sugar-free and, after the first week, 
control was maintained with a single dose mixture of 12 units of protamine 
zinc insulin and 25 units of regular insulin, then 10 units of protamine zinc 
insulin mixed with 20 units of unmodified insulin. 

Course. After 600,000 units of penicillin had been administered, the tem- 
perature was normal, but only slight recession of the edges of the lesion was 
noted. Intramuscular injections were discontinued, and locail infiltration 
of the lesion with calcium penicillin, 10 cc. (1000 units per cc.) was substituted 
at 4 hour intervals. There was a prompt change for the better. The drug 
was continued until a total of 932,000 units had been administered, when 
Plate II, B was taken. 

Case 12. A. R., age 26, colored female, had been treated at home for 
8 days prior to admission for bilateral lobar pneumonia. She was in severe 
diabetic coma (severity index, 20); blood sugar, 435; COj, 14; blood pressure, 
100/60; pulse, 140; N.P.N., 47; white blood count, 27,000. Initial _ treatment 
consisted of 2^ gm. sulfadiazine with the intravenous fluids, then since it was 
found that she had already been receiving the drug at home, 100,000 units of 
penicillin was administered in 8 hours. 

Course. During the 10 hours the patient was under observation, 320 units 
of insulin were administered, the blood sugar fell to 267, and CO 2 increased to 
19 vol. %. Death appeared to result from sudden cardiac failure. 

Case 13. N. R., age 77, colored male, received penicillin in treatment of a 
secondary infection of amputation stump, while diabetic control was estab- 
lished with a single dose mixture of 10 units of protamine zinc insulin and 
35 units of regular insulin. Fever ranged from 99° to 102° F.; cultures from 
the area disclosed a mixed infection wuth gram-negative and gram-positive 
cocci, and some gram-negative bacilli. 

Course. Penicillin was administered intravenously 20,000 units every 
4 hours for 2 days; followed by a fall in temperature to normal and marked 
lessening in drainage. Doses were diminished to 10,000 units every 4 hours, 
until 430,000 units had been given. Although not healed, tlie condition of 
the stump was considerably improved. The insulin dosage was lowered to 
10 units of protamine zinc insulin and 30 units of regular insulin mixed. 

Case 14. W. B., age 71, white male, was a mild diabetic easily controlled 
with a single dose mixture of 7 units of protamine zinc insulin and 14 units 
of regular insulin, with diet of C— 180, P-80, F-lOO = 1980 calories. He had 
a marked perianal cellulitis with a necrotic and gangrenous area extending 
over the tuberosity of the ischium. Fever ranged to 102° F.; white blood 
count, 26,600. There was no satisfactory response to full doses of sulfathia- 
zole, and in spite of finding some gram-negative bacilli in the cultures, the 
infection was regarded as a mixed one, and penicillin, 20,000 units everj' 
4 hours was given intramuscularly to a total of 500,000 units. 

Course. The temperature fell promptlj' to normal, recession of the cellulitis 
occurred, and recoverj’’ was well established within a week. Although healing 
was not complete, the patient was sufficientlj'^ improved to permit transfer to 
a convalescent home. Carbohydrate tolerance improved and on discharge 
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the patient was receiving a diet of C-200, P-80, F-lOO = 2020 caloi'ies, with 
a single dose of mixture composed of 5 units of protamine zinc insulin and 
10 units of regular insulin. 

Case 15. E. D., age 58, colored female, admitted to the ward with a 
carbuncle situated directly on top of the head, in area 7 by 10 cm.; white blood 
count, 23,950; temperature 103° to 105° F.; both eyes swollen almost shut. 
The causative organism was identified as staphylococcus. A diet of C-120, 
P-60, F-80 = 1440 calories and separate doses of 20 units of protamine zinc 
insulin and 10 units of regular insulin served to control blood sugar levels and 
eliminate glycosuria. 

Course. Penicillin was given intramuscularlj' each 4 hours for 10 daj^s, 
and while the teiiiperature reached normal and the lesion ceased spreading, 
its size nns not much diminished. An incision was made over the dor.sum to 
facilitate drainage, and local injections of penicillin, 500 units per cc., brought 
about more rapid regression of the lesion. During this interval the diet was 
increased and control of diabetes was accomplished with a single morning 
injection of 12 units of protamine zinc insulin and 23 units of regular insulin 
mixed. Total dosage of penicillin, 800,000 units. 

Discussion. It is obvious that witli penicillin another great advance 
has been made in the treatment of certain infections. Penicillin has 
a few disadvantages as well as advantages, but none of the former are 
of much practical consequence and the drug is so nearly non-toxic 
that no one need be afraid to use it. Other than identification of the 
causative organism no new or difficult technique is involved in its 
practical application. 

In contrast to the sulfonamides, which have been ineffective in 
the local infections, penicillin is remarkably efficacious. Cases of the 
infectious type of gangrene, osteomyelitis of the bones of feet, and the 
huge sloughing carbuncles of the diabetic are amenable to treatment, 
and adequate supplies to permit immediate application of the drug 
wherever indicated will undoubtedl^■ result in vastl.\' improved mor- 
tality and morbidity rates in the Avhole group of infections caused b,^■ 
susceptible organisms. It cannot be expected to restore dead tissue, 
but appears of especial value in the infectious type of gangrene where 
the circulation is intact. In carbuncles and other infections caused 
by staphylococci, results ha^'e been particidarly striking. 

In no instance have we observed any tendency toward a deleterious 
effect on carbohydrate tolerance, nor has penicillin administration 
necessitated larger doses of insulin. The presence of infection notori- 
ously increases the insulin requirement of the diabetic, but in none of 
the cases described was there any unusual difficulty, the patients 
responding particularly well. The 3 deaths in this group of patients 
cannot rightly be attributed to failure of the drug. One of the car- 
buncles (G. G., Case 3) received too small a quantity owing to scarcity 
of material. Case (5 was in the terminal stages of her infection when 
admitted and undoubtedly had a central lesion. Case 12, in the 8tb 
day of a massive pneumonia complicated by diabetic coma, was in a 
desperate condition on admission, and died within 24 hours, although 
making satisfactory progress in recovering from coma. 

Penicillin should be of great value in the management of certain of 
the infections so often accompanying or precipitating diabetic coma, 
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since sulfonamides may precipitate in the kidney in an acid urine, and 
the patient in coma is often in danger from anuria in any event. 

Use of penicillin does not relieve the clinician of the necessity for 
conducting all the other precautions necessary to proper treatment of 
infections. Drainage must be established surgically as indicated, since 
the mere administration of penicillin not only is -wastefurbut may not 
be adequate. It is essential to determine the causative organism. As 
experience accumulates, it will be possible to formulate more specific 
rules of treatment, but it is obvious already that the relatively simple 
clinical methods available in any hospital can be applied successfully 
to routine management of this form of therapy. 

The rapid and sometimes dramatic response of some of the early 
cases of carbuncle folloAving the injection of penicillin directly into 
the infected tissues is noteworthy. In Cases 11 and 15, the drug was 
given only by intramuscular injection until it became apparent that 
recovery was progressing only slowly. Almost immediate improve- 
ment appeared wheir injections were made directly into the infected 
tissues and recovery was established within a few days. The solutions 
used for this purpose haA’e ranged from 100 to 1000 units per cc. of 
saline. 

Conclusions. Penicillin is an invaluable adjunct to treatment of 
infections caused by susceptible organisms, and is well adapted for use 
in the pyogenic infections, such as carbuncles, so frequently compli- 
cating diabetes mellitus. Experience in the 15 cases presented sug- 
gests that it may be more effective if given locally directly into infected 
tissues than if injected parenterally for systemic effect. No direct 
influence on the patient’s requirement for insulin has thus far been 
observed. 
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THE TREATMENT OF MENINGOCOCCIC MENINGITIS 
WITH STJLPAMERAZINE* 

By Charles S. Oliver, M.D. 

AND 

Donald G. Anderson, M.D. 

BOSTON, MASS. 
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Department of Medicine, Boston University School of Medicine) * 

SuLFAMERAZiNE (2-sulfanilamido-4-methylpyrimidine) has been 
shown to be an effective therapeutic agent, both in experimental infec- 
tions in laboratory animals® and in clinical infections in man.®’?’'^ 
Wlien administered orally, it is rapidly and efficiently absorbed, lead- 
ing to higher and more sustained blood levels than those obtained 
with similar doses of sulfadiazine.® Toxic reactions to the drug have 
not appeared to be more frequent or more serious than those following 
the use of sulfadiazine.®-^® 

Recently, we have treated with sulfamerazine a large group of 
patients with various bacterial diseases;^ 56 patients in this group had 
meningococcic meningitis. The purpose of this paper is to report in 
detail the results in this disease. 

Since this study was undertaken, several reports have been published 
indicating that the use of sulfamerazine in meningococcic meningitis 
is followed by results as favorable as those obtained by the use of 
sulfadiazine.^ 

Clinical Material. The pertinent data concerning each patient are presented 
in Table l.f Forty-one patients were adults and 15 were children 12 years of 
age or younger. In the adult group, the ages ranged from 13 years to 65 years; 
34 were under 40 years of age; only 2 were over 60 years of age. Among the 
children, the ages ranged from 1 year to 12 years. Four were 2 years of age 
or younger. The average age for the group was 6 years. 

All the patients presented the typical clinical picture of meningitis, and in 
each case the diagnosis was confirmed by bacteriologic studies. Fifty patients 
had gram-negative diplococci in stained preparations of the spinal fluid. 
In 32 of these cases, meningococci were also cultured from the spinal fluid. 
Positive cultures were obtained from the spinal fluid of the 6 patients in 
whom no organisms could be identified in stained preparations. Twelve pati- 
ents had positive blood cultures. Typing of the meningococci which were 
isolated was not performed. 

The severity of the illness varied: 13 patients (23%) were regarded as 
mildly ill; in 24 (43%) the illness was of moderate severity; 19 (34%) were 
severely ill. The patients in the last group were either comatose or nearly so. 
A petechial rash was observed in 34 patients (61 %). 

Method of Treatment. The usual dosage of sulfamerazine employed in the 
adult group was an initial dose of 2 gm. orally followed by a maintenance dose 
of 1 gm. every 8 hours. In children, dosage was calculated on a basis of 1 gm. 
per 20 pounds of body weight per day. Comatose patients and those who were 
otherwise too ill or uncooperative to take medications by mouth were given 

* This study was supported by a grant-in-aid from the Sharp & Dohme, Inc. They 
also supplied the sulfamerazine. 

t These patients were treated at the Evans Memorial and John C. Haynes Memorial 
of the Massachusetts Memorial Hospitals and at the Boston City Hospital, 
von. 208, NO. 5 — novbmueb, 1944 22 
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Table 1. — Pertinent Data on 56 Cases of Meningococcic Meningitis 



1 24 F 7 0 0 0 + 41.0 + 0 nt 27 11 6 9 4 2 11 

2 27 F 1 0 + +' +++ 57.0 + 0 0 21 10 5 6 4 4 11 

3 40 M 3 0 0 0 + 18.0 + 00 26 9 69 225 

4 49 F 30hr.«. + 0 0 ++ 0.06 + +0 30 11 57 227 

5 16 M 2 + 0 0 ++ 4.7 + 0 0 18 6 6 7 5 2 7 

6 13F 1 +00 + 8.7 + Onl7 0 89 837 

7 45 M 1 0 0 0 + 7.8 + n n 31 10 3 5 6 2 10 

8 63 F 1 + + + +++ 1.7 + + + 40 14 10 14 12 9 12 

9 20 F 1 + + 0 +++ 15.‘0 + +0 26 8 8 10 427 
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the sodium salt of the drug intravenously, in doses varying from 2 to 5 gm. 
A maintenance dosejof 1 gm. was given intravenously every 8 hours thereafter, 
until the patient was able to receive oral medication. Twenty-eight patients 
(50%) received intravenous sodium sulfamerazine. Fifteen received only the 
initial dose intravenously. Six patients required intravenous therapy only 
during the first 24 hours. In 7 the intravenous administration of sulfamerazine 
was necessary for periods ranging from 2 to 8 days. 

Treatment was continued until the patient had made a clinical recovery. 
The average duration of treatment was 8.4 days. The shortest period of 
treatment was 6 days, and the longest 14 days. Thirty-three of the patients 
(59%) received the drug for 8 days or less. The average total dose of drug for 
the adults was 24.8 gm., with a range of 17 to 40 gm. For children, the average 
total dose was 16.6 gm. (range of 8.5 to 30.5 gm.). 

So far as possible, daily determinations of the whole blood concentration 
of both the free and total drug were made in all patients. For adults, the 
average concentration of free drug on the dosage schedule of 3 gm. per day 
ranged from 3 to 14 mg. per 100 cc., and the average concentration of total 
drug from 4 to 17 mg. In children, higher levels of both free and total drug 
were obtained more readily than in adults. Seven children had average 
levels of free drug of 10 mg. per 100 cc. or more. Only 4 had average levels 
of less than 8 mg. Only 6 adult patients had average levels of free drug of 
10 mg. or over; 17, however, had average levels of total drug of 10 mg. or more. 

In all cases, a diagnostic lumbar puncture was performed immediately on 
admission to the hospital. A second lumbar puncture was performed in most 
cases on the 7th or 8th hospital day as a guide to the discontinuance of drug 
therapy. No other lumbar punctures were performed unless signs of increasing 
intracranial pressure, failure of clinical response, or suspicion of a developing 
complication made examination of the spinal fluid advisable. In 6 patients 
who had lumbar punctures during the course of therapy, the concentration of 
free drug in the spinal fluid ranged from 2 to 5 mg. per 100 cc. 

Fluids were administered liberally. The daily intake in most cases was 
2000 to 3000 cc. An effort was made to maintain a urinary output of at least 
1500 cc. daily. In children, the fluid intake was governed by age and size. 
Alkali therapy was not used. Sedation, preferably with paraldehyde, and 
restraints, when necessary to facilitate nursing, were used as adjuncts to sul- 
famerazine. An occasional patient was given codeine or aspirin for the control 
of headache. 

One patient (Case 2), a 27 year old woman, received 45 cc. of anti- 
meningococcus serum intravenously on the 3rd hospital day, because 
of failure to respond rapidly to sulfamerazine. No other patients in 
this group received antiserum. No other sulfonamide was given to 
any of these patients, with the following exceptions: One patient 
(Case 10) received an unknown amount of sulfathiazole a few hours 
before admission to the hospital; 4 patients (Cases 5, 15, 46 and 50) 
received sulfadiazine in amounts ranging from 0.3 to 3 gm. prior to 
admission; 1 (Case 55) received 2 gm. of sulfanilamide intramuscularly 
prior to admission; 1 (Case 44) received a total of 5 gm. of sulfadiazine 
on the 2nd and 3rd hospital days. In this case, sulfadiazine con- 
stituted one-quarter of the total amount of drug (20.5 gm.) received 
while in the hospital. 

Results of Treatment. During the period of study, all patients who 
were admitted with the diagnosis of meningococcic meningitis were 
given sulfamerazine if there was no history of their having received 
other sulfonamide therapy before entry. In the few cases mentioned 
m the preceding section, the history of previous sulfonamide therapy 
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was -iiot .obtained at the time of admission. Patients who were kno\\Ti 
to.‘,have;x&med sulfoiiamides previous to their admission were treated 
wdtii. sulfadiazine. No other selection of cases was made. In this 
series' of- 56 patients withvnoieningococcic meningitis treated with sulfa- 
inerazine, thdre were'rio'fatalities. 

In 35 patients (62%); definite clinical improvement, usually mani- 
fested by a retufn of cbnscidushess and mental clarity, was apparent 
within 24^ to 48 hours after admission. All but 1 patient showed 
improvement bj^ the 4th hospital day. One patient remained in 
coma with an irregular temperature for 8 days despite adequate ther- 
apy. She roused suddenly from the coma on the 9th hospital day, 
and maintained an uncomplicated course thereafter. Fever tended to 
persist for several days after definite clinical improvement had oc- 
ciitfed. The average duration of fever was 6 days. One patient 
remained febrile for 13 da 3 ^s, and 2 patients were afebrile throughout 
the course of their illness. 

Complications Avere observed in 8 patients (14%). Arthritis was 
present in' h patient (Case 14) at admission, and 2 others (Cases 10 
and''43) developed acute arthritis on the 8th and 9th hospital daj^s, 
.respectivel 3 % Three patients (Cases 8, 18 and 27) developed facial 
•palsies during the course of treatment. One of these (Case 27) had 
•bilateral involvement. Diplopia was experienced by 1 patient (Case 
;3^’* following return to consciousness. The patient in Case 23 was 
’fbtiiid’ to have bilateral nerve deafness on the 3rd hospital daj\ This 
cpmpl^ipatipii had been suspected before treatment was begun, but 
could not be proved until the patient had become rational. The facial 
palsies were improved before the hospital staj’^ was completed. The 
nerve deafness persisted. The other complications were transient 
and had disappeared before the patients left the hospital. 

Table 2. — Toxic Reactions Shown by 22 or 56 Patients W'^ith Meningococcic 
Meningitis Treated With Selfamebazine 


Toxic reaction No. % 

Nausea and vomiting 3 5.5 

Fever ,3 5.5 

Simple crystalluria 6 10.9 

Crystalluria with microscopic hematuria .... 2 3.6 

Microscopic hematuria (without crystalluria) . . 2 3.6 

Gross hematuria 1 

Renal colic 1 

Leukopenia (below 5000) 8 14.5 

Granuiopenia (below 50%) 2 3.6 


Toxic Reactions. Toxic reactions attributable to the drug ivere 
observed in 22 patients (39%) (Table 2). Several shoived more than 
one toxic reaction, but in onlj’^ 1 case was there a serious complication 
following the use of the drug. Three patients (Cases 2, 23 and 54) 
developed nausea and vomiting on the 6th daj'' of treatment after 
doses of 14, 17 and 19 gm. of sulfamerazine, respectivelj^ These 
s.ATnptoms disappeared 3 daj'S after the cessation of the^ap 3 ^ Three 
patients (Cases 11, 46 and 50) had febrile reactions on the ilth, 9th 
and 8th daj^s of treatment, respectivel.v. 
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Crj^stalluria was a frequent finding, but was not usually associated 
with hematuria. Eight patients (Cases 19, 23, 30, 35, 36, 43, 47 and 
53) developed crystalluria. Of these. Cases 30 and 36 had urine out- 
puts ranging from 1600 to 1800 cc. The remaining cases had outputs 
of less than 1000 cc. and the crystalluria cleared when the output was 
increased. Two (Cases 19 and 43) had microscopic hematuria asso- 
ciated with crystalluria, and 2 (Cases 2 and 6) had microscopic hema- 
turia without demonstrable crystalluria. One patient (Case 9) had 
gross hematuria with renal colic on the 8th day of treatment after 
receiving 26 gm. of sulfamerazine. The onset of pain in the right 
flank was sudden. The pain became almost intolerable within 6 hours 
after it first appeared. A regime of parenteral fluids and sedation was 
instituted, with complete relief of symptoms in 12 hours. 

Eight patients (Cases 1, 9, 16, 17, 18, 20, 25 and 44) while receiving 
sulfamerazine developed leukopenia. In no case was the decrease in 
the white cell count sufficiently marked to warrant cessation of the 
drug. In several patients the count returned to normal before therapy 
was discontinued. Two of these (Cases 20 and 25) developed a mild 
granulopenia. Rapid return of the granulocyte count to normal 
occurred after sulfamerazine was discontinued. There were no cases 
in this group of drug rash or of toxic symptoms referable to the central 
nervous system. 

Discussion. The results obtained in this series indicate that sulfa- 
merazine is an effective therapeutic agent in the treatment of meningo- 
coccic meningitis. The mortality rate in patients treated with anti- 
serum in the 6 year period 1930-1935 in the Haynes Memorial Hospital 
was 38%. From 1936 to 1940, a 5 year period in which antiserum and 
sulfonamide therapy were combined, the mortality rate was 45.7%. 
Part of this high mortality was probably due to the number of cases 
received from a severe institutional epidemic. In 1941, when various 
sulfonamides were used and antiserum was occasionally given, the 
mortality rate was 12.5%. 

During 1942 and 1943, sulfadiazine and sulfamerazine were em- 
ployed exclusively. There were 52 cases of meningococcic meningitis 
treated with sulfadiazine during this period. Some of these cases, as 
explained above, were treated concomitantly with those receiving 
sulfamerazine. Four patients died, a mortality rate in this group of 
7.6%. One was moribund on admission and died 3 hours later. 
Autopsy showed massive hemorrhages into the adrenal glands. Two 
others died from causes unrelated to the meningitis after they had 
made a complete clinical and bacteriologic recovery. Only 1 patient, 
a 53 year old man, failed to respond to adequate chemotherapy, death 
occurring 27 hours after admission. Excluding all but this last case, 
the mortality rate in the group of sulfadiazine-treated patients was 
1.9%. As already stated, no deaths occurred in the 56 patients 
treated with sulfamerazine.* 

There was no significant difference in the rapidity of the clinical 

* Since this study was completed, 3 patients who were treated with sulfamerazine 
have died. Two of these deaths occurred within 9 hours after the beginning of treatment, 
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improvement between the patients treated with sulfadiazine and those 
treated with sulfamerazine. Complications were observed in 15% of 
the sulfadiazine-treated cases and in 14% of the sulfamerazine-treated 
cases. The complications were similar in type and course. Toxic 
reactions to the drug appeared somewhat more frequently in the sulfa- 
diazine-treated cases, 54% showing some toxic response. In general, 
however, we believe that the incidence of toxic reactions to sulfamera- 
zine differs little from that observed with sulfadiazine. 

Summary and Conclusions. 1. Fifty-six patients with meningococcic 
meningitis were treated with sulfamerazine. 

2. No deaths occurred. 

3. Complications of the disease were observed in 8 cases. Except 
for 1 case of nerve deafness, the complications had cleared before the 
patients were discharged from the hospital. 

4. Except for 1 patient who experienced renal colic, no serious toxic 
reactions to sulfamerazine were encountered. 

5. Sulfamerazine is an effective agent in the treatment of meningo- 
coccic meningitis. 

The authors wish to express their gratitude to Dr. Chester S. Keefer and Dr. Conrad 
Wesselhoeft for the advice and the many helpful suggestions that they contributed 
throughout the entire study. 
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THE "MEGA" SYNDROMES 

The Common Relation, of the Various Manifestations 
TO THE Autonomic Nervous System 

By Abraham O. Wilensky, M.D. 

NEW YOnK, N. V. 

There is a group of anatomic abnormalities in the alirnentaiy and 
urologic tracts and in the cerebral ventricular system which, because 
of their diverse clinical sjrmptomatologies and manifestations, liavc 
been regarded by most clinical observers as distinct entities apart 
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from one another. A consideration of their niechanism leads one to 
correlate all of them in a single inclusive group under the generic 
term of the "mega” abnormalities. 

Idiopathic Dilatation of the Esophagus. Mega-esophagus. Cardio- 
spasm. Idiopathic dilatation of the esophagus is a very rare affliction 
and is commonly integrated with some form of cardiospam. Alvarez^ 
found 34; undoubted instances of this abnormality in the records of the 
Peter Bent Brigham Hospital— an incidence of 1 in approximately 
26,000 patients. Modern esophagoscopists have abandoned the old 
assumption of the presence of some form of obstructive cardiospasm 
as the cause of the condition as originally suggested by von Mickulicz^® 
in 1882. Instead they integrate this unusual abnormality with a 
neurogenic incoordination between the lower esophagus and the 
cardia based upon anatomic or functional disturbances in the auto- 
nomic nervous system. This seems to be borne out by the histologic 
studies of the English school, confirmed by Lendrum^® in this country, 
which have demonstrated a disintegration of Auerbach’s plexus in the 
dilated portion of the esophagus. This is now generally accepted as 
the cause of the trouble. This is also corroborated by Knight’s^* 
work in cats in which he was able to produce experimentally the radio- 
graphic appearance of cardiospasm by cutting the vagi to the lower 
esophagus. Then he was able to overcome the condition by destroying 
the sympathetic supply through removal of the celiac ganglion. His 
work frequently is cited now in support of a pathologic disturbance 
of the autonomic nervous system. However, because this work was 
not corroborated in dogs by Cannon® and by Vinson, Craig and 
Moersch,^’' it has been suggested that the changes in Auerbach’s 
plexus follow the dilatation and stagnation of food rather than act 
as a cause. However, this assumption seems very illogical to me. 

The observable phenomena have been studied roentgengologically 
by Templeton and Moore.^® In the normal esophagus they describe 
3 types of muscular action; (1) a primary wave, a part of deglutition, 
beginning in the pharynx and traveling down the esophagus; (2) a 
secondary wave, progressing along the lower half of the esophagus, and 
(3) a localized contraction which was not peristaltic in character. 
The lower half of the esophagus undergoes simultaneous contraction, 
which varies in degree. 

In cardiospasm the primary wave, instead of proceeding to the 
stomach, faded out at the suprasternal notch. In the lower esophagus, 
peculiar, pm-poseless, shallow, segmental contractions constantly 
appeared and reappeared at different levels but strong enough to 
move the bolus along. They were often accompanied by generalized 
tonic contractions, which diffusely narrowed the esophageal lumen. 

In 8 pathologic specimens, only focal thickening of the muscle 
fibers was encountered. 

While most of the hypotheses implicate an abnormality of the 
autonomic nervous system, either of pure physiologic function or as 
the result of organic changes in the sympathetic plexuses of Auerbach, 
Moschcowitz®® believes that the probability is strong that this is a 
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mechanism and not a cause. In any event the end result is the same. 
The question is raised that the organic degenerative changes witnessed 
in the Auerbach plexus are not primary but secondary to the ever- 
present inflammatory changes involving the coats of the esophagus 
in prolonged cardiospasm. In recent years, evidenee has acciuuulated, 
according to Moschcowitz.^" that primary cardiospasm is psj^chogenic 
in origin based upon alterations in the cortex of the brain. 

Recently Etzefl"* reported that the disease occurs with great fre- 
quency among tlie poor country people of Brazil. Because of their 
limited dietary, he believes an inadequate supply of vitamin Bi may 
be responsible for the degenerative- changes in the intramural portion 
of the autonomic -nervous system. Intensive therapy with the vita- 
min B complex in the experience of Emery, lias failed to relieve the 
condition, so it might seem that if vitamin deficiency is responsible 
for the ner\'6us disorder, the changes are irreversible. 

The case of mega-esophagus reported by Joreg, Borda and jMealla-^ 
occurred in a 56 year old man in whom there were dermatalogic 
evidences of pellagra. 

Gastric Dilatation. Mcgastomach. It is common knowledge that 
in a certain class of individuals there occurs extraordinary accumulations 
of gastric fluid secretion with associated dilatation of the stomach, 
frequently to very large proportions. There does not seem to be any 
particular interference with the motor activity .of the stomach; the 
contractions are normally strong, but alwaj's the passage of a stomacli 
tube shows the presence of large quantities of gastrie fluid. Com- 
monly this is known as "gastric succorrhea.” 

I do not include here any deviation of the secretory function from 
the normal which is associated with visible and demonstrable gross 
lesions of the stomach such as ulcer, carcinoma, etc. 

■ • I iCuriously enough, this occurs most frequently in the female subject 
and in those in whom there are always elicitable evidences of functional 
neurologic activity indicating an unstable and easily irritated and 
disarranged nervous system. 

Hypersecretion has been found in cases of chronic appendicitis, 
and/or in other apparently unrelated forms of intraabdominal path- 
ology. According to Alvarez,® it has been observed in cases of toxic 
goiter and in other neurogenic disease. ’ In other instances, it is said 
to be due to stimuli coming down the vagus nerves. 

..Pyloric Hypertrophy. Dilated stomachs of this kind in adults are 
sometimes associated with pyloric hypertrophy in the absence of any 
inflanunatory, luetic, tuberculous or neoplastic lesion. The hyper- 
trophy is centered only in the pyloi'ic muscle. 

In infantile pyloric stenosis, the symptomatology is of an acute nature 
and is highly dangerous to life. If no relief quickly follows medical 
care, the abnormality is corrected by operative division of the pyloric 
sphincter. This, relieves the condition, and follow-up studies indicate 
the permanence of the relief. I do not know of any instances in which 
the mega type of stomach has followed. 

Saverese'*'' describes the thickening as extensive, grossly visible 
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and palpable, and involving the entire pyloroduodenal tract. The 
swelling appears to have a smooth surface; its consistency is hard and 
fibrous; and it is movable to the normal range of mobility of the py- 
lorus. In less severe lesions the pylorus does not show any external 
evidence of an anatomic change. 

On sectioning, the pyloric wall appears greatly thickened and the 
thickening involves chiefly the muscular layer of the w^all. Micro- 
scopic studies by Saverese^" show that the inner circular layer of the 
tunica muscularis is involved especiall 3 ^ The muscle cells are found 
to be normal as to their arrangement, form, and size. The connective 
tissue stroma as well as the subserosa and serosa are always found to 
be normal. Sometimes there is found in the mucosa a leukocytic 
infiltration which extends also into the muscularis mucosae and some- 
times also into the submucosa. 

The various theories to account for this abnormality include: 
(1) a congenital origin; (2) a spasmogenic origin, and (3) some com- 
bination of tlie two. In any case, the origin seems to be neurogenic. 

According to Jordan and Lah'ey,-® “The pylorus is notoriously a 
prominent efi'ector zone for impulses arising from the hypothalamus, 
its contraction reflecting nervous states and emotional traumas. 
This is frequently demonstrated by the symptoms of pylorospasm: 
‘the lump in the stomach,’ nausea and vomiting. When the con- 
striction is suflBciently great and enduring, it may be habitual and 
result in symptoms which simulate ulcer or neoplasm and findings in 
the roentgenogram which are often indistinguishable from those of an 
organic lesion.” 

Megacolon. The manifestations of the congenital form of megacolon 
(Hirschsprung’s disease) are so well known as not to need repetition. 
Suffice it to say that the patient is usually a large-bellied, otherwise 
stunted child, in whom an enormous dilatation of the colon is easily 
demonstrable. The congenital form is characterized by the im- 
possibility of demonstrating grossly any actual or relative obstructing 
lesion in the terminal segment, either at the point of junction of 
sigmoid and rectum, or at the anus. The clinical history, anj'- opera- 
tively obtained facts, the termination, and any postmortem findings 
are sufficiently well known to need no repetition here. 

Many cases are reported in later life which are classified as mega- 
colonic, but it appears from the given description that most of these 
do not belong to the “mega” syndrome. They seem to be unusual 
exaggerations of the ordinary forms of chronic dilatation of the large 
intestine proximal to a definitely obstructing lesion, usually a carci- 
noma. These should be excluded from this discussion. Two of 
Rankin’s'*' cases, reported in 1929, are of this type. His third case is 
similar, except that here a right colostomy had been present for 
2 years. 

In Stone’s'*- first case the condition was associated with, or followed 
an imperforate anus at birth. 

In Stone’s^ second case an old man had an excessively redundant 
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sigmoid, for which no cause could be ascertained. This man had no 
great sj^mptoms and no surgery was recommended. 

A very different state of affairs existed in the following; 

Report of a Case. In March, 1926 this patient, then in the fourth decade 
of life, had a resection of the sigmoid done. In April, 1928 a resection of the 
middle portion of the rectum was done. In Januaiy, 1929 an ileocecal re- 
section was done. Each resection was done in continuity with immediate 
restoration of the continuity of the bowel by end-to-end suture. Each re- 
section was done for carcinoma. All of the tumors were histologically similar 
adenocarcinomata; each tumor had the gross appearance of a primary in- 
testinal growth of this tj^e; and in each there was no macroscopic or micro- 
scopic neoplastic glandular involvement, although enlarged glands due to 
inflammatory change were present. After each of the operations, there was an 
uneventful convalescence with very prompt healing and with a minimum of 
hospitalization. 

Between each of these episodes, the man was in apparently good healtli 
and there were little or no symptoms. The rectal tumor was discovered as a 
non-symptomatic affair during the course of 1 of his regular follow-up visits. 
The ileocecal tumor caused a moderate amount of discomfort, which called 
attention to this part of the intestinal tract. Since 1929, the patient was 
followed regularly. His general health was excellent and his body functions 
were carried out in the most normal wa 3 '' and unthout symptoms or discomfort. 
This was especially true as far as the intestinal functions were concerned. 

In June, 1942 he developed some indefinite abdominal complaints. The 
physical examination revealed no intraabdominal abnormality and a gastro- 
intestinal series was to all intents normal. 

In Eebruary, 1943 the patient, while vacationing in Elorida, began to 
complain of increasing abdominal cramps, constipation, nausea, vomiting, and 
enlargement of the abdomen. The local physician assumed that a mechanical 
ileus was present and, in view of the history, took it for granted that it was due 
to a recurrence of the pre\dous malignancy. In the first week of March, 
when an immediate operation was proposed, because the symptonas, signs, and 
general physical deterioration of the patient had advanced considerably, the 
patient left and returned to the city. 

When admitted to the hospital on March 11, 1943 the general condition 
of the patient was still fairly good. He was very much emaciated (probabty 
due to lack of food and to vomiting). The abdomen was distended and a verj’’ 
large loop of gut could be distinguished in the left side of the abdomen. The 
rectal examination showed a moderate amount of rigidity in the pelvic floor 
but no malignancy could be distinguished. The rectum was full of feces in 
spite of the fact, according to the patient’s statement, that his bowels had 
moved daily and that he had passed flatus fairly freely. 

Roentgenographic examination (Borrelli) showed an enorrnously distended 
colon extending backwards to the ileocolic junction filled with fecal matter 
admixed with gas. _ i + 

The picture seemed that of some form of megacolon and it was decided to 
follow a conservative form of treatment. Following a high compound enema 
and colonic irrigation, preceded by an injection of prostigmin, a large amount 
of gas and solid stool was evacuated. This was repeated daily under constant 
radiographic control with progressively good results both sjTnptomaticallj’’ and 
objectively. 

By March 15, 1943 the bowel had been completely emptied of stool as was 
shoum in the Roentgen raj’’ observations. An extremely large loop of bowel 
was no’w idsible in the flat plates occupjdng the entire left half of the abdomen. 

On March 16, 1943 a roentgenographic examination ■u'as made bj' means 
of a barium enema. This confirmed the pre’vious findings in the flat plates and 
there was no e^'idence of any neoplastic growth (Borrelli) This was again 
confirmed in November, 1943 during one of the follow-up visits. 
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Uncertainty concerning the etiology and pathogenetic mechanism 
of megacolon is great and many theories have been advanced for their 
proper explanation. Alvarez^ has pointed out that perhaps the simplest 
explanation of the ordinary form of megacolon is that, in the particular 
segment of intestine involved in the process, there has been a failure 
in development of those neurones in Auerbach’s plexus, which are in 
functional and anatomic contact with the intestinal muscle fibers 
(Nolfe/^ Alvarez-’^i) . 

In the alimentary tract there are 2 sets of plexuses; Auerbach’s 
plexus, which constitutes the peripheral neuron of the parasympathetic 
system, and is situated between the circular and longitudinal muscular 
coat; and Meissner’s plexus, situated on the inner surface of the circular 
muscle fibers. 

In Auerbach’s plexus the fibers of Remak connect the various ganglia 
and secondary plexuses which are found between the bundles and 
individual muscle fibers. 

Meissner’s plexus is formed of small ganglia and their processes 
form periglandular plexuses and also supply the vascular tissue of the 
mucosa. 

Another type of cell has been described, which is found between the 
muscle bundles and appears to form some connection between Meiss- 
ner’s and Auerbach’s plexuses. 

According to Keith, “ the alimentary canal is physiologically divided 
into a series of neuromuscular sections, each of which is terminated by 
a zone of sphincteric activity which blocks the passage of the con- 
traction wave from one section into the next. Each of these sections 
has a special “pacemaker” center, so that in any given section the 
passage of any contained material can be halted, and such blockage 
may spread backwards from section to section. 

Keith-^ distinguishes the following sections: (1) a pharyngeal with 
a sphincter at the upper end of the esophagus; (2) an esophageal 
extending to the cardiac sphincter; (3) a gastric ending at the pylorus; 
(4) a duodenal ending at the duodenal-jejunal junction; (5) a jejunal- 
iliac section ending at the ileocecal valve; (6) a section containing the 
ascending colon and the proximal part of the transverse colon; (7) the 
remainder of the transverse descending and pelvic colon down to the 
rectum. The terminal sphincter is the one at which the intestinal 
contents are held up normally. 

According to Telford and Stopford, the parasympathetic fibers 
arise from tire anterior roots of the sacral nerves and form a trunk 
which joins the ventral aspect of the superior hypogastric plexus. 
They describe two bundles which can be traced to a point where they 
converge to meet and pass to the left side of this plexus. The small 
trunk can be followed cephalad to the inferior mesenteric plexus, which 
it joins distal to the origin of the inferior mesenteric artery. This 
represents the parasympathetic nerve supply to the distal half of the 
colon. The parasjmipathetic innervation of the anal sphincters is 
derived from the pelvic plexus. 

At the present writing it seems to be tentatively assumed that the 
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parasympathetic influence is excitatory to the colonic smooth muscle 
and inhibitory to the internal anal sphincter, while the sympathetic 
system transmits inhibitory impulses to the anal sphincter. 

Robertson and Kernohan^® amplified the reports of previous ob- 
servers in their studies of the plexus of Auerbach in the congenital 
tj^pes of megacolon. They found that the ganglion cells and their 
connective fibers are definitely smaller than normal; that they were 
vacuolated; and that the ganglion cells were sometimes absent, or im- 
perfectly formed. On the contrary, in other cases (ulcerative colitis), 
the ganglion cells and fibers were prominent and even increased in 
number; and in others (obstructive carcinoma) there were no abnormal 
changes. 

According to Adamson and Aird,‘ the nerves suppljung the affected 
parts of the colon are thicker than normal and the increase is due to a 
thickening of the epineural tissues rather than to a numerical increase 
in the contained fibers. That similar connective tissue changes are 
present in the mesocolon, and in the wall of the bowel, is undoubtedly 
the expression of secondary effects incident to the chronicity of the 
abnormality. 

The acquired form of megacolon is grossly indistinguishable from 
the congenital form and here one must sharply differentiate forms of 
pseudomegacolon. The latter are usually due to obstructing lesions. 
The former undoubtedly have a similar pathogenetic mechanism as in 
the true congenital form, even though the primary cause may be 
entirely different. In the personal case reported here, there is a similar 
neurogenic mechanism initiated by unavoidable operative division of 
the same nerve pathways incident to the multiple intestinal resections. 

Concomitant and/or Associated Lesions of Megacolon. Many other 
anatomic aberrations are frequently present in subjects who have 
congenital megacolon. Excessive elongation of the mesentery (Barth®®) 
and various grades of elongation and redundancy of the colon (Pen- 
nington,®^ Marfan®®) have been reported. 

Pennington’s®^ case included diaphragmatic eventration combined 
with segmental megacolon and other congenital dystopias. 

Segmental neuromuscular defects have been mentioned by Hawkins,^® 
Lennander,®® and by Eormad.®® I wish to speak especially of optic 
nerve and ocular lesions and of cerebral and ventricular defects. 

Associated Neurologic Abnormalities: . A. Optic Nerve and Ocular 
Abnormalities. 

Case Reports. Worcester-Brought and Shafar®® report the following experi- 
ences in which megacolon was associated with ocular changes: 

1. One case associated with retinitis pigmentosa, optic atrophy, and right 
cataract. 

2. A 38 year old woman with central choroidal excrescences and bilateral 
scotomata; symptoms since the 24th year; diagnosed as subacute intestinal 
obstruction and partial vohnilus. 

3. An 8 month old boy with symptoms since premature birth at 8 months; 
blind; urinarj’’ incontinence; some improvement later; bilateral optic atrophy 
without any neurologic or muscular manifestations. Cerebrospinal fluid and 
Wassermann negative. 

Worcester-Drought and Shafar®® cite the following cases from other sources: 
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4. Wilbuat^^ of Amsterdam; A 17 year old female, disseminated choroiditis; 
adiposity; enlargement of the sella turcica. Father had similar eye changes. 

5. Gurich-.i® Bilateral coloboma of the optic nerve merging with extensive 
right choroidal coloboma and left total detachment of retina. Other abnor- 
malities included narrow sella turcica; pigeon chest; and mild mental deficiency. 

B. Cerebral and Ventricular Abnormalities: 

There are instances in the literature in which megacolon has been associated 
with hydrocephalus. The following are examples: 

In one of the cases reported by Worcester-Brought and Shafar®^ there was 
present a congenital megacolon and a congenital hydrocephalus. No block 
in the pathways of the cerebrospinal fluid was observed in the encephalo- 
grams, the air passing into and filling the ventricular system and being visual- 
ized in the subarachnoid space over the cerebral hemispheres. 

In a case reported by Watts and Uhle,®* congenital megacolon was associated 
with recurrent episodes of Jacksonian epilepsy. Encephalography showed an 
enlarged ventricular system equal on both sides. 

Hydrocephalus. Congenital hydrocephalus is frequently accom* 
panied by other abnormalities of the central nervous system, such as 
spina bifida, encephalocele, and so on, or by abnormalities elsewhere, 
e. <?., clubfoot, syndactyly, and so on. The anatomic and clinical 
picture is well knowm; the widely dilated ventricles containing a liter 
or more of fluid; the obliteration of sulci and convolutions and the 
atrophy of the cerebral tissue to a mere thin bag; the corresponding 
dilatation of the entire ventricular system; and the corresponding 
changes in the brain case. In the great majority of the cases there is 
no demonstrable obstruction in any part of the ventricular system. 

The combination of hydrocephalus and other congenital abnormali- 
ties, both in the central nervous system and elsewhere, is not un- 
common. The association with megacolon is striking. The possibility 
presents itself as to whether the interference with the development of 
the brain by the expanding ventricular system can in any way be 
correlated with dysfunction of the autonomic nervous system which 
appears adequately to account for the megacolon. The site of the 
disturbance may lie in the peripheral, ganglionic, or central portions 
of the autonomic nervous system. 

The available data are as yet insufficient to say definitely that 
autonomic elements exist in the cerebral cortex. But various gastro- 
intestinal disturbances preceding, accompanying, or replacing focal 
epileptic seizures are now thought to emanate from a cortical ley, el 
(Penfield and Gage, 1933) 

Experimentally, Bochefontaine (1876)® associated stimulation of 
the sigmoid gyrus wdth intestinal movements. The observations were 
experimentally confirmed by Bechterew and Mislawski (1890);'^ by 
Beattie and Sheehan (1934);® and by Watts and Fulton (1934),1® 
who removed the premotor area from the cortex from both hemispheres 
in the monkey and produced intussusception with fatal intestinal 
obstruction. This could never be obtained after severance of the vagi, 
Mettler'® and his co-workers (1936) removed the frontal lobes bilater- 
ally and caused hyperactivity of the stomach and pyloric spasm, while 
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similar disturbances of motility were produced by removal of one or of 
both cerebral hemispheres. 

Morbid hunger has been encountered in cases of cerebral tumor, 
and Levin (1936)”® described in a group of children an interesting 
syndrome consisting of periodic attacks of somnolence and morbid 
hunger which he considered as possibly being due to a corticothalamic 
derangement. Previously (1932), Cushing^® had made the obser- 
vation that experimental lesions anjT\'here in the intracranial course 
of the tracts leading from the anterior hj^pothalamus to the vagal 
centers were liable to give rise to ulceration and perforation of the 
stomach. 

It seems, then, that there is considerable evidence to support the 
existence of cortical and hypothalamic centers which control the 
activities of the autonomic nervous system. It is conceivable that an 
embryologic defect, attributable to, or associated with hydrocephalic 
expansion of the ventricles, might cause changes in these higher centers 
and secondary effects in the Auerbach plexuses farther down, and 
consequent derangement of intestinal motility and so result in mega- 
colon. It must be admitted, however, that no definite proof exists 
at present as to a central origin of Hirschsprung’s'® disease. Further 
observation is necessary to discover the primary seat of the neurogenic 
disturbance in congenital megacolon. Nevertheless, the accumulated 
data is more than suggestive. 

The “Mega” Syndrome in the Urologic Tract and Its Association With the 
“Mega” Syndrome in the Alimentary Tract. — ^jMegacolon is commonly 
associated with disturbance of bladder function and the latter becomes 
the prominent feature in many cases. 

1. Chronic Bladder Dilatation — '‘Mega” Bladder. The association 
of unusual and extraordinary dilatation of the bladder has been noted 
by a munber of observers. 

Telford^ stated that he has observed infrequent urination and a 
huge thin walled bladder in association with megacolon. 

Richer’s®® case is a very typical example: 

In a 50 year old woman there was a sudden attack of retention of urine, the 
bladder reaching to the umbilicus and containing several liters of fluid. Con- 
tinued catheterization over a period of 1 month was not followed by any 
improvement. Then attacks of intestinal colic called attention to an enormous 
coexisting dilatation of the entire colon. 

There were no signs of tabes or other motor or sensory lesion of the central 
nervous system. The spinal fluid was negative. No cause was found on physi- 
cal and laboratory examination and on roentgenologic examination by barium 
enema for the colonic dilatation. No particular effect was observable after 
treatment. Richer^® rightly assumed that this was a case of coexisting "mega” 
enlargement of both bladder and colon. 

Richer®® mentions another case without giving any details occurring in an 
18 year old girl who presented herself because of the presence of a_ megacolon 
and in whom there was also present “considerable retention of urine.” 

Cakes have been referred to by other observers. In these t^ical 
cas^ the only abnormality of the bladder is its unusual size, permitting 
remarkably infrequent urination with the voiding of large quantities 
at bn6 act. 


wilensky: the “mega” syndromes 


611 

In none of these cases can the condition be regarded as atony of the 
bladder, since in all the detrusor muscle was capable of powerful 
contraction. It seems that there is dysfunction in the vegetative 
nervous supply of the bladder. 

The nerve supply of the bladder includes: (a) the sympathetic 
system (chiefly the presacral nerves) ; (b) the parasympathetic system 
(the pelvic nerves), and (c) the pudic nerves. 

The pudic nerves are thought to be of somatic origin, but they may 
possibly transmit also impulses of involuntary type, although this is 
ordinarily the function of the autonomic nerves. 

All three of these sets of nerves contain both afferent and efferent 
fibers. 

The modern conception of the innervation of the bladder contains 
both anatomic and physiologic observations and is based on the work 
of Learmonth.^'* Simons and Emanueh^ accept the imbalance idea of 
the innervation of the bladder until it is thoroughly disproved and 
they feel that there is much in the researches of Barrington'^ to sub- 
stantiate this stand. The imbalance theory of bladder innervation is 
that the sympathetic and the parasympathetic distribution of the 
thoracicolumbar and sacral outflows to the bladder are antagonistic 
and balance each other to a certain extent. 

The general plan of the autonomic supply to the bladder is very 
similar to that in the colon. The parasympathetic branch carries 
contracting or emptying stimuli, while the sympathetie branch con- 
trols the bladder sphincter. 

Both Watkins,^® Entz, and Haymond^^ express the opinion that the 
nature of this bladder abnormality suggests strongly that it is analogous 
to and is the nearest counterpart to congenital megacolon. 

2. Megalo-ureter. This bladder abnormality (megalobladder) may 
exist alone or it may be associated with similar general dilatation of 
the ureter (megalo-ureter) and kidney pelvis (megalopelvis). There are 
fairly numerous examples in the literature and in orfe’s practice. I do 
not refer to solitary or multiple cysts of the kidney, which specimens 
exhibit a lining membrane, and are within the kidney substance. 
They are not connected with the urinary excretory tract, but in all 
cases there is also evidence of embryonal developmental changes in the 
kidney parenchjuna.t I do not refer to various forms of' dilatation at 
the lower end of the ureter, usually included under the terminolpgy of 
“ureterocele.” These, too, nevertheless, are most commonly of con- 
genital origin. 

According to Morison,^® localized spasms occur in the ureter which 
are usually intermittent in character. The spasms occur either in 
the entire extent of the ureter or they are restricted to certain zones in 
'which there is normally a physiologic narrowing (pelvo-ureteral zone, 
the crossing of the common iliac vessels, the zone of the broad ligament 
in the female or of the vas in the male, and the transmural zone). 
The spasms give rise to pain which is referred to definite areas of the 
abdomen. In long-standing cases, submucous and interstitial changes 
follow. To my mind, these spasms seem to correspond to pyloric 
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spasms, or to spasms which are frequently seen in various corre- 
sponding strategical zones of the large intestine. It seems most likely 
that all of these forms of spasms have a common neurogenic origin. 

3. Megahpehw {Hydronephrosu). Latent hydronephrotic distention 
of the kidney, without apparent clinical signs, occurs in 50% of the 
cases, and is revealed only by some complication or by various bizarre 
clinical syndromes, which can be classified as follows: 

1. Chronic syndrome; (a) a dyspeptic form which simulates gastric 
or pyloric tumor; (i) an enteritic form which simulates mucomembran- 
ous enteritis, and (c) a form of “chronic appendicitis” which is en- 
countered most frequently. 

2. Acute abdominal syndromes, in which the hydronephrosis can 
simulate intestinal occlusion or peritonitis. 

It is interesting to list the “intrinsic” causes which are assumed to 
precede these renal urologic dilatations. I am indebted to Mathe-' 
for this very complete classification; 

1. Congenital: 

(a) Congenital per se. 

(b) Associated with the following anomalies of the kidnej' and ureter: 

(1) Bifid pelvis and ureter 

(2) Double pelvis and ureter 

(3) Abnormal insertion of the ureter 

(4) Horseshoe kidney 

(5) Ectopic kidney 

(6) Fused kidney 

(7) Abnormal outlet of the ureter 

(8) Aberrant distribution of the blood-vessels 

(9) Stricture of the valve formation at the ureteropelvic junction 

■2.' Acquired: ' 

(a) Renal ptosis associated with obstructive bands, kinked ureter,- and 
. aberrant vessels 
h n ;.', -C^) Lithiasis 

(c) Renal torsion 

(3) Stricture of the ureteropelvic junction ■ 

(e) Stricutre of valve at the ureteropelvic junction 

(f) Tuberculosis . . 

(^) Tumors of the cortex, pelvis, and ureter ; 

I-'.-. (k) Aneurysm of the renal artery - y 

. (i) Pyelonephritis 

(/) Interstitial nephritis . , . 

'(i) Neurogenetic causes; neuromuscular dysfunction, . and sympatni- 

cotonia 

. 3. -Traumatic: 

(a) Late sequel of trauma to the cortex, pelvis, or upper ureter 

(b) Following surgical interventions 

(1) Pyelotomy 
. (2) Ureterotomy 

.(3) Ureterostomy 

. (4) Surgical injuries to the ureter itself due to cuttmg, clamping, 

or tying of the ureter during operation on other organs. 

Considering the “intrinsic” cases: of hydronephrosis, one group of 
•investigators thinks that the greater, majority of causes .are obstructiye 
•phenomena. I am, personally, in complete • agreement th^ 

opposing group who believe thatrnumerous cases of- hydronephrosis 



wilensky: the “mega” syndromes 613 

(megalopelvis) are congenital in nature. Bazy^ was the first to insist 
on the congenital nature of hydronephrosis (megalopelvis— Bazy’s 
disease), pointing out the fact that megalopelvis and megaloureter 
often exist since birth and are often associated with megalocolon, 
diverticula of the esophagus, etc. The opinion (Papin,®- Mathe®^ ci al.) 
is gaining ground that this congenital anomaly (megalopelvis) occurs 
much more frequently than was previously supposed or realized; 
that it exists at, and develops progressive^^ from birth onwards, both 
because of the original anomaly and because of other subsequently 
appearing factors; that stones associated therewith are secondary to 
preexisting stasis; that accessor}^ vessels and high insertion of the 
ureter are without significance and/or result from the pelvic dilatation ; 
and so on. These additional factors occur only when considerable 
damage has preceded. If we accept this vievqjoint, the term hydro- 
nephrosis is misleading and should be reserved for other types of renal 
distention. The term “megalopelvis” seems much more appropriate. 

Harrison’s^^ cases undoubtedly belong in the congenital group. 
It is very suggestive that supposed correction of “structural abnormali- 
ties” such as “stricture” and “vesical neck obstruction” did not relieve 
the condition nor influence the final outcome. The causal relation of 
these anatomic abnormalities must, therefore, be considered ques- 
tionable. 

One of the cases cited by Mathe,®’' of which a photograph is presented, 
is a typical hydronephrotic distention of the kidney (megalopelvis) 
in which the kidney tissue has apparently disappeared entirely, and 
in which a stone is present in a lower pocket. Mathe®'^ remarks, that 
the “stone is secondary to preexisting stasis rather than being an 
etiological cause. ...” 

This is a tjq)ical example in the experience of almost everyone. I 
have seen several of such cases in my own practice and in the hospital 
experience of my colleagues. 

The picture is almost always complicated by infection. Other 
factors then come into play, especially calculus formation, and the 
clinician usually attributes the pathogenetic mechanism and the re- 
sulting clinical picture to the infection as the primary and/or most 
important cause. This, of course, is an erroneous assumption. 

The Relation of the “Mega” Abnormalities to a Neurogenic Pathogenetic 
Mechanism. In each of these anatomic localizations, the "'mega” 
abnormality, described herein, has this phenomenon in common: 
that in each an extraordinary accumulation of the normal fluid and/or 
solid content of each takes place. In each case, the thought usually 
runs to the relationship of secreting and excreting phenomena, the 
net disturbance of which results in the extraordinary accumulation 
and the necessary consequent distention. This thought results in the 
current conceptions regarding the patliogenetic origin of the disease. 

Nevertheless, from the accumulated evidence, it seems that this 
factor is of little importance in the pathogenesis of the cases in the 
alimentary tract, and in the megabladder and megalo-ureter cases, but 


614 WlfcENSKY: THE “mEGa” S-i-NDKOMES 

is of more importance in the megalopelvis and in the megaventricle 
(hydrocephalic) cases. 

In the alimentary canal, the fibers of the sympathetic system corre- 
sponding to the derivatives of Meissner’s plexus are known to ramify 
around the secreting glandular structures in the wall of the viscus. 
Thej^ undoubtedly influence the secretory activity of these glandular 
cells and the assumption is not far fetched that, in the general dis- 
turbance of neurologic function, an increased activity of the secreting 
mechanism takes place wdiich adds to the general picture. This has 
special reference to the gastric cases, and possibly to the renal cases. 

The thought goes further in considering the sympathetic supply of 
the appropriate part of the vascular network. Some part of the in- 
creased accumulation of fluid might be due to increased blood supply 
related to extraordinary activity of the nerve plexus and a consequent 
dilatation of the vascular channels. This activity finds its greatest 
field, most probably, in hydrocephalic accumulations (increased blood 
supply and secretion in the ventricular ependyma). 

There seems to be much more pathogenetic importance in the neuro- 
muscular dysfunctions of the sjunpathetic system. In most of the 
instances this is of congenital origin. In a few cases, it follows trauma 
(operative or other) in which the same result follows a mechanical 
(division of nerve paths) interruption of normal nerve impulses. 

Neuromuscular dysfunction, so called "sympatheticotonus” occurring 
in lesions of the autonomic system can cause atonic relaxation of a 
hollow viscus or dilatation because of any relative obstructing spastic 
ring muscle. Both pathologic processes result in dilatation and finally 
in an atonic condition. 

Atony of a hollow viscus is never primary. It is caused either by 
abnormal innervation, by obstruction, or by both factors. Continuous 
intravityus retention from any cause will produce atony of tlie muscular 
wall. In some cases it is difficult to determine which factor is primary. 
With most cases, atony and obstruction are inextricably combined; 
and in muscular lined viscera, a certain amount of hypertrophy pre- 
cedes the final relaxation. In a parenchymatous organ (kidney, brain), 
atrophy follows with disappearance of the cellular elements. 

Irritation or paralysis of the sympathetic splanchnic or pelvic gang- 
lions, and so on, can cause atonic changes in the kidney pelvis (Mathe) 
in the ring muscle of the ureteropelvic junction (von Lichtenberg), 
and in the major and minor renal calyces, in the lower esophagus and 
cardia (Alvarez,^'® Lendrum,^® Knight^®) and at the pylorus (Alvarez,-'^ 
Saverese).^® This results from overstimulation of the sympathetic 
nerves (Harris and Harris);^® or, as other evidence seems to show, 
rather from an uncoordinated and badly integrated action between the 
opposing activities in the sympathetic system of nerves. 

The factors involving sphincteric dysfunction in a hollow organ 
are: (1) imbalance of innervation, with predominance of the sympa- 
thetic or filling nerves; (2) rigidity or failure of adequate relaxation of 
the internal sphincter referred to as dysectasia; (3) apparent failure of 
coordination of segmental reflexes involved in the normal act of empty- 
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ing of the viscus referred to as achalasia; and/or (4) a disturbance of the 
suprasegmental or cerebro-spinal reflex. 

There is evidence to make one believe that functionally and me- 
chanically the root of the difficulty is failure of time correspondence 
and coordination between an approaching contraction wave and relax- 
ation of the sphincter fibers at one or more of the strategic points. 
Hurst has invented the term "achalasia” for this functional incoordi- 
nation with special reference to the pyloric sphincter. The adult 
variety of acquired megacolon is explained in this way by Etzel/® 
and he points out that the case of mega-esophagus and of otherwise 
unexplainable extraordinary forms of gastric dilatation owe their 
production to this mechanism. Etzefi® also integrates this functional 
disturbance with destruction or malformation of Auerbach’s plexus. 

The sphincters are normally in a state of normal contraction, and 
sympatheticotonus makes their relaxation difficult, thereby setting up 
a more or less continual spasm resulting in increased tone of the muscle 
fibers. This leads to increased intravisceral pressure, dilatation and 
delayed emptying time with extraordinary intravisceral accmnulations 
"with no mechanical obstruction. According to von Lichtenberg,'*® 
this disorder is by no means rare in the renal cases, making up 59% 
of 80 cases of hydronephrosis operated by him, and he has often demon- 
strated this muscular contraction during operation. 

"While these viewpoints were supplied by Mathe^"^ to the urologic 
mechanism, their applicability to the alimentary canal seems un- 
questionable to me; and it is most noteworthy that von Lichtenberg^® 
compares neuromuscular dysfunction in the urologic apparatus with 
cardiospasm and pylorospasm for which he assumes a like mechanism. 

The conception seems unavoidable that the various observable 
clinical phenomena of the "mega” syndrome in the different anatomic 
localizations are, in reality, manifestations of a general disease, the 
essential basis of which is a neuropathy of the autonomic nervous sys- 
tem. This finds its inception most commonly in congenital abnormali- 
ties of physiologic function or structure and are followed subsequently, 
as the disease continues, by more pronounced or newly developed 
anatomic changes of definite character. 

In other cases, the phenomena appear in early adult life and con- 
tinue. It seems that in these there are abundant evidences of insta- 
bility of nervous functional activity, in which irritability and emotional 
outbursts are characteristic. These cases occur most commonly with 
the lower esophagus and cardia cases and with the pyloric cases. 
This group has important relationships with psychosomatic medicine, 
a clinical segregation which is increasing in extent as our knowledge 
of this comparatively new branch of medicine accumulates. 

In other cases of non-congenital origin, this form of neuromuscular 
dysfunction or incoordination or both, sometimes follows trauma. The 
personal case described above belongs in this category inasmuch as 
the condition followed operative trauma. In the traumatic cases 
the dynamic upset of physiologic function undoubtedly corresponds to 
mechanical interference with the carriage of nerve impulses or with 
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their proper integration in the pltysiologic purpose by division of 
nerve pathways. I believe that in these cases tliere is no relation to 
obstructive phenomena. 

Summary. The alimentary and urologic tracts and the cerebral 
ventricular system are occasionally the seats of malformations which 
resemble one another to the extent that a dilatation of the contained 
cavity occurs, varjdng from moderate to most extraordinary extent. 
Commonly there is a single localization of the abnormality. Less 
commonly several localizations exik either in one or in more than one 
of these systems. Commonly other congenital defects and deformities 
coexist. While this is most often a congenital manifestation and ap- 
pears at, or can be traced directly to the time of birth from which point 
it progressively develops, rarelj'’, similar gross anatomic changes are 
observable later in life which cannot be so integrated, which occur 
apparently spontaneously in the absence of obstructive phenomena 
or which follow some operation in which a radical change is unavoidably 
produced in the normal anatomy (postoperative megacolon cases). 

The factor of secretion seems to play either no role or at most an 
indifferently contingent or adjuvant part, or both, in the production of ‘ 
this abnormality in the alimentary and urologic tracts. In both of 
these localizations the available factural knowledge seems to indicate 
an exact similarity in the pathogenetic origin and mechanism. This 
is most commonly a neuromuscular deficiency and dysfunction, 
characterized by faulty integration of nerve impulses, so that there is 
incoordination between an approaching contraction wave and the 
necessary relaxation of a functional or anatomic sphincteric arrange- 
ment at a strategic point. Sometimes this is a purely functional dis- 
turbance. At other times it is based upon anomalous or deficient 
anatomic structure centered in the autonomic nervous S3’’stem, either 
in the ganglionic cells (Auerbach’s plexus) or in their connecting nerve 
pathways. The cases are of congenital origin, in which instance there 
are at times some indications of disturbance in the higher autonomic 
centers. In a few cases there is a traumatic origin and then the 
mechanism is a local one. 

In the hydrocephalic cases (megaventricle) the factor of secretion 
seems important. When the megaventricle is associated with mega- 
colon, it seems that the atrophic changes in the cerebral cortex involve 
higher autonomic centers which, in turn, seem to be integrated with 
changes in the lower autonomic centers (plexus of Auerbach), and the 
megacolon then follows. 

In the lower esophagus, cardia and pyloric cases there is evidence of 
the presence of unstable nervous functional activity. In some of 
these there seems to be some connection with psychosomatic medicine. 
When there is marked gastric succorrhea with the extraordinary gastric 
dilatation (“mega” stomach), the ramifications of the nerve fibers 
derived from Meissner’s plexuses around the secreting lands in the 
stomach mucosa seems to indicate a pathogenetic relationship between 
the two. 

^Wiile all of these differ markedlj’ in their manifestations in accord- 
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ance with their localizations and with any added or complicating 
factors, they show general similarities in the resulting architecture of 
the affected part. There are frequent neurologic complications. They 
involve pathogeneticallj^ the same part of the nervous sj^stem. And 
they seem to have a similar pathogenetic mechanism. All of the facts 
lead one to suspect and assume an origin in the autonomic nervous 
system. It seems appropriate to include them all under the generic 
term of the “mega” sjmdrome. 
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Most textbooks of medicine state that acute glomerulonephritis 
is a diffuse disease of the body capillaries and that edema occurs as 
the result of widespread capillary damage. It is pointed out that the 
edema fluid in acute nephritis contains a high concentration of protein 
and that to account for this the capillaries must be injured and ab- 
normally permeable to protein. Examination of the data available 
in the literature reveals that only a few determinations of the protein 
content of the edema fluid in acute nephritis have been made and that 
the methods used are open to criticism. It seemed worth while, there- 
fore, to measure the protein content of edema fluid of additional 
patients with acute nephritis. If this fluid contained a high con- 
centration of protein it might be assumed that generalized capillary 
damage was at least in part responsible for the edema. If the protein 
concentration were low this explanation for the edema would not be 
tenable. 

Methods. Edema fluid was obtained from patients with acute glomerulo- 
nephritis by inserting several 23-gauge needles into the subcutaneous tissue 
of an edematous portion of the body. They were left in place for not more 
than 5 minutes. From time to time the local tissue pressure was increased 
by stretching the skin of the part. The needles were removed and the fluid 
in them collected in flne glass capillarj'^ tubes. The size of the sample was 
obtained from the difference in weight of the filled and empty capillary tube. 
Onlj’’ a few milligrams of fluid were necessary for analysis. The fluid was 
examined under the microscope without removing it from the capillary tube. 
If it was cloudy, or contained a large number of red blood cells, the specimen 
was discarded. If there were only a few red cells, the specimen was accepted, 
because experience showed that the protein concentration of the fluid was 
not significantly affected by a small number of cells. At the same time blood 
was obtained for the determination of the total protein nitrogen and non- 
protein nitrogen contents of the serum. The total nitrogen content of the 
edema fluid was determined by a modified micro-Kjeldahl procedure with 
nesslerization and colorimetric determination by a photoelectric colorimeter.® 
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Results. Determination of the protein content of edema fluid 
was carried out in 10 patients with acute glomerulonephritis (Table 1). 
All were children or young adults who developed classical acute 
nephritis with generalized edema, hypertension, and hematuria. In 
none was there a history of previous renal disease. In most instances 
the acute pephritis followed an upper respiratory infection; in 2 patients 
it occurred as a complication of scarlet fever. In most of the persons 
studied the onset had been relatively abrupt and was moderately 
severe. None of the patients died during the acute illness, and in all 
instances there was almost complete recovery during the period of 
hospitalization, as evidenced by subsidence of symptoms and dis- 
appearance of the urinary abnormalities. During the acute stage of 
the disease some of tlie patients had moderate cardiac enlargement 
and pulmonary'’ congestion, as determined by Roentgen ray examina- 
tion. There were no complicating diseases which would have been 
expected to produce a serious alteration in the serum protein level. 

Table 1. — Summary of Observations on Subcutaneous Edema Fluid in 10 
Patients With Acute Glomerulonephritis 

Blood serum Protein content of edema fluid 



Non-protein nitrogen, 

Total protein. 

Leg 

Sacral region, 

Patient 

mg. per 100 cc. 

gm. per 100 cc. 

gm. % 

gm. % 

1 

41 

5,8 

0.4 


2 

33 

6,5 

1.0-1 1 


3 

63 

6,1 

0.2-0 3 

0,5-0. 7 

4 

198 

6,3 

0.1-0. 3 


5 

34 

5,8 


0.8 

6 


6 5 


1.0 

7 

54 

5 8 

b!l 


8 

24 

5 2 

0. 1-0.2 


9 


0 4 


0. 9-1.0 

10 

30 

4.9 

0^3 


Average 


5 9 

0.4 

0.8 


In 7 patients edema fluid was obtained from subcutaneous tissues of 
the leg. The average protein content of this fluid was 0.4 gm. % with 
extremes of 0.1 and 1.1 gm. %. In 4 patients the fluid was from the 
subcutaneous tissue in the sacral region. The average protein content 
of this fluid was 0.8 gm. % with variation from 0.5 to 1.0 gm. %. 
In 5 instances 2 or more samples were obtained from the same patient 
and in none was the variation in protein content more than 0.2 gm. %. 
There was no apparent correlation between the serum protein and 
non-protein nitrogen levels of tlie blood and the protein content of the 
edema fluid. The average serum protein concentration in the 10 
patients was 5.9 gm. per 100 cc. 

Comment. The average value of 0.4 gm. % for the protein con- 
tent of the edema fluid from the legs of these patients wnth acute 
glomerulonephritis is considerably lower than previously recorded. 
The subcutaneous edema fluid of the legs in patients with cardiac 
failure contained an average of 0.2 gm. % of protein.'^ Thus, the 
protein concentration of the edema fluid of the legs in acute nephritis 
and in cardiac failure showed no significant difference. The protein 
content of the fluid from the sacral region in the patients with acute 
nephritis averaged 0.8 gm. %. In patients wuth cardiac failure who 
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had no lowering of the plasma protein concentration, the protein 
content of the fluid from the subcutaneous tissue of the sacrum averaged 
0.6 gm. %.® Again there was no significant difference between the 
protein content of the edema fluid of the sacral region in patients with 
congestive heart failure and those with acute nephritis. 

In acute nephritis, edema is not usually extreme and, in 'general, the 
procuring of samples of edema fluid is much more difficult than in 
conditions where fluid retention is more pronounced. When obtaining 
fluid for analysis, tlie needle must not be left in place too long or else 
local capillary damage will occur, and almost pure blood serum will be 
obtained. In none of our eases was the needle left in place longer than 
5 minutes. As a check on the validity of the method used in such 
patients with minimal amounts of edema, additional studies were 
carried out on patients with cardiac failure. Samples of edema fluid 
were obtained from patients with massive edema. Pluid flowed freely 
as soon as the needle was inserted. Later, after most of the edema had 
been reduced by either elevation of the part or diuresis, samples of 
edema fluid were again obtained. This time fluids had to be forced 
into the needles by raising the tissue pressure by local pressure. No 
significant difference was found in the protein content of the fluid under 
the different conditions. 

The condition of the skin and subcutaneous tissues must be known 
in order to evaluate the significance of a high protein concentration in 
edema fluid. If the area is inflamed, the edema fluid will always con- 
tain considerable protein. It is possible that the protein content of 
subcutaneous edema fluid in post-scarlatinal nephritis may be higher 
than in patients who have not had any reaction in the skin. It is of 
interest that the edema fluid of the leg which had the highest protein 
content was from a patient with post-scarlatinal nephritis. 

Although general statements regarding the protein content of ederna 
fluid in acute nephritis are common, reports of analysis of edema fluid 
are rare. Beckman^ studied 4 patients with acute glomerulonephritis. 
The edema fluid protein content in 3 patients was 1.12, 1.12 and 
2.52 gm. per 100 cc., while in the fourth repeated observations ranged 
from 1.12 to 1.96 gm. per 100 cc. The protein content was determined 
by a refractometer. Peters and Van Slyke® mention 1 case of acute 
nephritis in which the protein concentration of the edema fluid Avas 
0.1 gm. per 100 cc. 

The data presented here are not compatible with the thesis that the 
edema of acute glomerulonephritis can be differentiated from that of 
congestive heart failure by study of the protein content of the edema 
fluid. There seems little reason to believe that the edema is primarily 
dependent on an increase in capillary permeability. Edema which is 
caused by a sudden marked increase in capillary permeability should 
be associated Avith hemoconcentration. Acute nephritis is not accom- 
panied by hemoconcentration. Indeed, in the cases reported in the 
literature^ and in the 2 patients in this series on whom the data were 
obtained, the hematocrit reading rose as the edema disappeared, 
indicating that in the edematous state there was hemodilution rather 
than hemoconcentration. An opportunity to obserA^e the changes m 



the hematocrit reading when the capillary permeability is suddenly 
increased, occurred during the study of a patient with widespread 
giant urticaria resulting from the previous administration of horse 
serum. The fluid in urticarial wheals is known to have a high protein 
content, demonstrating that the capillaries are abnormally permeable 
to protein. A few hours after the onset of the urticaria the hematocrit 
reading was 46. Several -hours later at the height of the reaction it 
was 49. Four days later, after the urticaria had subsided, the reading 
was 36. The edematous state was accompanied by hemoconcentra- 
tion, and hemodilution occurred as the urticaria subsided. This is 
the reverse of what is observed in acute nephritis. 

The simplest explanation for the presence of edema in acute neph- 
ritis is that the fluid intake exceeds the fluid loss from the body, 
because of a disturbance in renal function. The extracellular fluid 
content of the body is increased and edema results. The retained 
extracellular fluid is deposited throughout the tissues in areas where the 
capillary pressure is high or where the tissue pressure is low. When 
the patient is upright the excess fluid accumulates in the part of the 
body below the heart, because the capillary pressure there is elevated 
by the effect of gravity. On lying down, the capillary pressures 
throughout the body become more nearly equal, the excess fluid 
reenters the blood stream and is redistributed throughout the body 
in accordance with the dictates of tissue pressure. Burch'^ has shown 
that the formation of edema in the tissues usually results in a rapid 
rise in tissue pressure, with the result that the rate of transudation 
into the tissues is slowed. The tissues of the eyelids were unusual 
in that edema formation caused little rise in tissue pressure. When 
fluid is redistributed with the patient recumbent, the eyelids swell 
rapidly, because in this area the edema formation is unopposed by a 
rising tissue pressure. 

The thesis that the accumulation of edema about the eyelids at night 
is caused by the easy distensibility of these tissues, rather than by 
diffuse capillary damage, is supported by observations on patients with 
chronic constrictive pericarditis. These patients may become edemat- 
ous before they have any orthopnea. If they are able to lie flat in bed 
at night, edema of the eyelids may be present when they awake. 
During the day, when they are sitting or standing, the edema of the 
lids disappears and edema of the lower extremities can be deteeted. 

Patients with acute nephritis may develop congestive heart failure. 
LaDue^ has shown that in acute, nephritis with edema the venous 
pressure is elevated and the transverse diameter of the heart is in- 
creased. He believes that heart failure, with its increased venous 
pressure, accounts for the edema. Data previously presented from 
our clinic has shown that in chronic congestive heart failure the re- 
tention of salt and water is dependent on a disturbance in renal func- 
tion secondary to the failure of the heart.® The edema fluid would be 
expected to have the same protein concentration regardless of whether 
the renal dysfunction is the result of kidney damage from the nephritis 
or the result of altered renal physiology from heart failure. The degree 
of changes in the kidney, as seen under the microscope, and the knowl- 
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edge that retention of fluid may be the cause, rather than the result 
of the rise in venous pressure,® support the thesis that primary renal 
damage is the chief factor causing salt and water retention. It is 
difficult to believe that cardiac failure alone is responsible for the 
striking oliguria seen in certain patients with acute nephritis, though 
heart failure undoubtedly plays an important role in certain instances. 

Summary and Conclusions. The protein • content of edema fluid 
in 10 patients with classical acute glomerulonephritis has been de- 
termined. In 7 patients in whom edema fluid was obtained from the 
leg, the average protein content was 0.4 gm. %. In 4 instances, when 
the fluid was obtained from the sacral region, the average protein 
content was 0.8 gm. %. These values do not differ significantly from 
those obtained on the edema fluid of patients with congestive heart 
failure studied bj’^ similar methods. 

The evidence at hand indicates that the cause of edema in acute 
nephritis is water and salt retention secondary to a disturbance in 
renal function, and not the result of diffuse capillary damage through- 
out the body. The method of study is not suitable for determining 
whether the retention of salt and water results from the pathologic 
process occurring in the kidney or from heart failure, as suggested by 
LaDue. The extensive pathologic changes seen in the kidney in acute 
glomerulonephritis support the view that the altered renal function 
is caused by these pathologic changes, rather than by altered renal 
physiology because of failure of the heart. 
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Statistics based upon standardized death rates indicate the appar- 
ent wisdom of avoiding obesity.*® The increased mortality rate m 
the obese group is associated with a higher incidence of cardiovascular 
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diseases. The present study seeks to define, in part at least, the com- 
plications associated with obesity, and to review the experience of a 
large clinic with attempts at weight reduction. The effect upon hyper- 
tension of a change in body weight has been investigated. A search 
has been made for possible etiologic factors of obesity in disorders of 
the central nervous system and of the endocrine glands. 

Materials. Patients and records of the Metabolism Clinic of the New 
Haven Hospital have been selected for study. The obese group, 141 ih number, 
consisted of 54 women who weighed 180 to 200 pounds, and 87 patients of 
both sexes who weighed 200 to 484 pounds. The latter included 62 females and 
25 males; 63 of these patients weighed 200 to 250 pounds; 17 were in the 250 
to 300 pound group; 7 others weighed between 300 and 484 pounds. A few 
patients who were large rather than obese were not included in this study. 
One hundred non-obese patients selected at random from the same clinic 
served as controls. The population of this clinic includes all diabetics in the 
entire out-patient department, all patients with known or suspected disorders 
of the thyroid and other endocrine glands, all cases of glomerulonephritis and 
many cases with other types of renal disease, and various nutritional dis- 
turbances. The last group includes many individuals referred for therapy of 
obesity and study of possible endocrine factors. It also serves as a follow-up 
clinic for a portion of the patients with urinary tract infections and for some of 
the patients with a history of toxemia of pregnancy (Table 1). 


Table 1.— Pkimahv Diagnosis in Obese and Control Series 



Obese 

Control 

Diabetes 

. 73 

61 

Obesity- 

. 41 


Hyperthyroid .... ... 

. 11 

14 

Myxedema 

1 

2 

Goiter 

4 

1 

Renal disease 

3 

17 

Toxemia .... 

5 

3 

Hypometabolism 

1 

1 

Hypermetabolism 

1 


Basophilism 

1 


Steatorrhea 


1 

Total .... 

. 141 

100 


After a preliminary survey certain conditions were selected for detailed 
study. The presence or absence of diabetes mellitus, varicose veins, gall bladder 
disorders, joint symptoms, and vascular disease was noted in all sub^jects. The 
effects of weight change on hypertension could be analyzed in 41 of the patients 
in the obese group. The records of attempts at therapeutic reduction were 
adequate in 67 subjects over a sufficiently long period to permit some judg- 
ment of the results. 

Criteria for Symptoms and Diseases. The diagnosis of diabetes mellitus 
was based on the usual criteria of hyperglycemia and glycosuria. The presence 
of varicose veins was recorded only if the patient had either extensive vari- 
cosities, varicose ulcers, a history of thrombophlebitis, or of surgical treatment 
of varicose veins. Slight, climcalty insignificant, superficial varicosities were 
not included. Diagnosis of disease of the gall bladder was based on roentgeno- 
graphic evidence of cholelithiasis, a history of colic with achofia and jaundice, 
or a record of a surgical procedure upon the gall bladder. Gastro-intestinal 
symptoms alone, no matter how suggestive, were considered inadequate e\u- 
dence. The presence of discomfort, pain, or swelling in the joints of the lower 
extremities was noted. Asymptomatic roentgenographic changes in the joints 
were not recorded, unless actual complaints were offered by the patient. A 
few cases of generalized arthritis have been excluded from both the obese'and 
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control series. The diagnosis of vascular disease was based upon an}" of the 
following: (a) Persistent hypertension of 150/100 or higher, (b) unequivocal 
cardiac enlargement by teleoroentgenogram, (c) congestive failure beyond a 
history of exertional dj^spnea, (d) retinal hemorrhage, exudation, scar for- 
mation, or pronounced sclerosis of the vessels, (c) albuminuria greater than 
1+) (/) formed elements in the urinary sediment in abnormal numbers, (g) 
marked electrocardiographic changes. 

Results. Figure 1 represents tlie age distribution of obese and non- 
obese subjects and the incidence of certain disorders in these 2 groups. 



AGE GROUP Yeors 

Fig. 1. — Percentile distribution of obese and non-obeso subjects according to age and 
incidence of symptoms and disorders. The groups 35, 45, 55 consist ol subjects 30 to 
40, 40 to 50, 50 to 60 years of age respectively. 

A(/e. The infrequent occurrence of obesity after the 6th decade 
suggests a dissociation between obesity and longevit}". 

Diabetes Mellihis. The high incidence of diabetes mellitus in botli 
groups reflects the specialized composition of the clinic population, 
and therefore the use of these statistics to study the relationship 
bet\veen diabetes mellitus and obesity is not valid. The basic diffi- 
culty lies in the fact that all patients with diabetes attend this dis- 
pensary, lyhile only certain ovemmight patients are referred to this 
clinic for treatment. It is to be noted, however, that the presence 
of diabetic patients in approximatelj" equal proportions in the over- 
weight and normal weight groups obviates the possibilitj" that differ- 
ences between tlie 2 groups can be ascribed to the diabetic state. 

Varicose Veins. These occur about as frequently in both groujis 
beyond the 4th decade, but they appear a decade earlier in the obese 
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group. Since only clinically troublesome varicosities were included, 
this represents an important complication of obesity. The changes 
ivith obesity which result in varicose veins are not known. In this 
group, varicose veins occur more often in the male patients than in the 
female, so that pregnancy cannot be the basic factor responsible for the 
higher incidence in the obese subjects. 

Gall Bladder Disease. The total number of cases of gall bladder 
disease is not high in either group. This may be in part an expression 
of tlie exacting criteria for this diagnosis. Nonetheless, just as with 
varicose veins, there is an appreciably higher incidence of gall bladder 
disease among the younger obese subjects. . This difference disappears 
after the 5th decade. 

Joint Symptoms. The overweight patients in all age groups are 
especially apt to complain of pain in the joints of the lower extremities. 
It is not possible to state, of course, whether obesity produces changes 
in articular and periarticular tissues as a result of increased pressure, 
or whether the extra weight serves merely to make minor changes 
clinically significant. The latter appears to be more probable, since 
objective findings in the joints are but rarely encountered. 

Vascidar Disease. Unquestionably diseases of the cardiovascular 
system are found much more often in overweight patients of all age 
groups. Hypertensive and arteriosclerotic diseases predominate. 
Diabetes mellitus occurs a little more often in the control group (61 
in contrast to 50%), and hence cannot be correlated with the higher 
incidence of vascular disease in the obese group. Actually, the inclu- 
sion of patients with diabetes mellitus masks an even greater difference 
in the 2 groups, rather than explains the actual results. Furthermore, 
the control group includes an unusual number of non-obese patients 
with nephritis, so that the proportion of patients with vascular disease 
is unduly high. If these were excluded, the 2 lines of the graph would 
be further separated. 

Hence it is apparent upon comparison of overweight and control 
groups, each of which contains approximately the same proportion 
of patients with diabetes mellitus, that obesity is correlated with a 
decreased life expectancy and is associated with a higher incidence 
of joint symptoms, gall bladder disease, varicose veins, and cardio- 
vascular diseases. All of these disorders tend, in addition, to appear 
earlier in the overweight group. 

Effect of Obesity Upon Blood Pressure. This study afforded an 
opportunity to test the general belief that obesity predisposes to the 
development of hypertension, and that hypertension can be affected 
favorably by weight reduction. Figure 2 represents graphically 
changes in the weight and in the systolic blood pressure of 41 obese 
subjects. 

In 12 of 23 patients with hypertension the systolic blood pressure 
decreased 20 mm. of mercury or more as the weight fell. In 9 others 
the hypertension was either unaffected or progressed further. In the 
remaining 2 patients the pressure increased while the weight remained 
constant. The diastolic pressure followed the systolic in direction of 
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change, but the order of magnitude was usually less. It is possible 
that the remission in some of these would have occurred spontaneously. 

It is interesting that only a moderate reduction in weight, 10 to 
40 pounds, occurred in all but 1 of the patients whose pressure fell. 
Although it is recognized that the use of a sphygmomanometer too nar- 
row in relation to the arm circumference results in false high values, 
most of the patients lost too little weight to alter arm diameter sig- 
nificantly. Indirect evidence of the unimportance of arm size in rela- 
tion to change in blood pressure is obtained from an analysis of, the 
patients with normal pressure who gained weight. Twelve patients 
increased in weight by 15 to 93 pounds and not one developed a blood 
pressure beyond 150/100. Only 2 of the 14 patients initially without 
hypertension reached hypertensive levels as they gained weight. In 
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4 others, who already had hypertension, the pressure fell toward nor- 
mal despite an increase in body weight. It is apparent that the levels 
of blood pressure and of weight are not closely fcorrelated. Although 
hypertension was present more frequently in the obese patients, a gain 
of weight was rarely productive of hypertension, and a loss was cor- 
related with a drop in pressure in about one-half of the cases. The 
latter finding is particularly significant in view of the usual progressive 
course of hypertension. 

It is not possible to state that, if these patients had never become 
obese, the development of vascular disease could have been avoided. 
The higher mortality in the ovenveight group suggests that obesity 
exerts an unfavorable influence upon vascular disease once it has 
appeared. This study indicates that one manifestation of vascular 
disease, hypertension, can be minimized in some patients by reduction 
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of weight. It should be remembered, however, that the level of pres- 
sure is of less importance than the state of the vascular system as a 
whole. Hence a decrease in blood pressure, when obtained, cannot be 
interpreted as evidence that the unfavorable mortality associated 
with obesity has been canceled. 

Therapy. Adequate records were available of the attempts at 
weight reduction in 67 of the 87 patients who weighed 200 pounds or 
more. In diabetic patients the diet w'as restricted in calories with 
definite stipulation of the proportions of carbohydrate, fat, and protein. 
In the others the daily intake included at least 70 gm. of protein. 
The calories varied from 1000 to 2000, with 1200 the most frequent 
prescription. This was distributed among 3 or more feedings. The 
patient was instructed bj^ an experienced dietitian and then seen at 
intervals of 2 or more weeks. Seven patients received thjToid medica- 
tion without acceleration of the weight loss. 
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Fig. 3. — Results of attempts to reduce permanently the weight of 67 obese subjects 

weighing 200 to 484 pounds. 


The results of treatment are presented in Figure 3. Of the 67 
patients, 19 failed to reduce their weight or actually gained, and 12 
others lost less than 10 pounds. The weight of 24 patients decreased 
10 to 30 pounds during intervals of several months to 12 years. Only 
12 subjects lost 30 pounds or more. Of these, 11 had not relapsed at 
the end of 2 years or longer. No information was available concerning 
the subsequent course of the 12th patient. If reductions of 30 pounds 
or more without subsequent relapse are considered significant in 
patients who weighed 200 to 484 pounds, therapy was successful in 
onlj^ 1 of every 5 obese subjects. Temporary reductions of weight are 
not included in the group treated successfullj". It is possible that 
some of the patients who were reduced successfully after 2 j^ears of 
observation -will relapse ultimately. These might well be replaced. 
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however, by patients in the 10 to 30 pound weight loss group -who 
reduced their weight further. It is rather surprising to find that the 
greatest reductions were recorded in the non-diabetic group, since 
more continuous attention to the diet might be expected from the 
diabetic patient. This may be partially explained by the fact that 
most of the extremely obese people were not diabetics. Our criteria 
of success demand a permanent reduction. By tliis standard the pro- 
gram employed for reduction failed in about 80% of the cases. The 
reason for this high proportion of failures deserves consideration. 

Discussion of Results of Therapy. Since the laws of thermodynamics 
unquestionably applj'’ in obesity, weight control necessitates adjust- 
ment of the caloric intake and expenditure. All obesity results from 
eating more food than is needed by the body. Soeial habits, heredi- 
tary elements, nervous and endocrine factors may all be present, but 
they are effective only insofar as they stimulate excessive appetite or 
reduce caloric expenditure. It has been demonstrated repeatedly that 
a negative caloric balance will eventually result in a loss of weight,* 
although at times this maj’- be masked temporarilj’^ by retention of 
water.^ Why then has therapy been successful in onlj'- a few patients? 

Most writers, in describing successful treatment of obesity, present 
largely results of short-term studies.®-’’-^-*’® Onlj’’ one other attempt at 
long-term statistical evaluation of results has been found.” In this 
group three-fourths of the patients eventually regained most of the 
weight lost initially. Short-term studies neglect the fact that weight 
reduction must be permanent, if the complications of obesity are to 
be avoided or minimized. In accordance with the criteria for success 
adopted in this study, a relapse canceled a previous loss in weight. 
It is possible, furthermore, that our results would have been better 
with a less obese group. Certainly a loss of 10 to 30 pounds, con- 
sidered a failure in our patients with marked obesity, would be propor- 
tionally much more significant in subjects weighing less tlian 200 pounds. 

Failure must be ascribed to an inability to change permanently the 
dietary habits of the patient. This does not appear to be a consequence 
of hypothalamic lesions of the type which have been produced experi- 
mentally in rats, monkeys and dogs, witli resultant obesity if free 
access to food is allowed.”- Careful scrutiny of records and patients 
has revealed only 11 cases of disorders of the nervous system of all 
categories in a total of 141 patients. This infrequent finding can 
hardly be proposed as an explanation for a persistent habit of over- 
feeding, even if it were assumed that all these lesions involved the 
diencephalon. Neither can responsibility for failure to reduce weight 
be relegated to disorders of the endocrine system. The patients with 
thyroid dysfunction who attend this clinic fall into the control rathei 
than the overweight group. Out of a total of 25 patients with my.x- 
edema now under observation in this clinic, only 1 is obese. ^ 

The irole of economic factors in failure to adhere to the diet is diffi- 
cult to evaluate. Patients ivho attend the dispensary are olten 
unable to provide for themselves a separate reducing diet. Many of 
them are housewives constantly exposed to the temptation of food. 
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It is possible that under more favorable circumstances some of these 
patients could reduce their weight. On the other hand, similar diffi- 
culties are frequently encountered in our experience with office patients 
in better economic circumstances. Apparently some individuals, 
irrespecti^"e of economic status, prefer the pleasures of overeating to 
the advantages of a normal nutrition. 

It might be thought that the problem of obesity is one of diminishing 
importance under present conditions of food rationing. This does not, 
however, appear to be true. The excess calories are obtained from an 
increased consumption of carbohydrate foods. It must also be remem- 
bered that many of the meats now available contain a high proportion 
of fat. 

Since moderate restriction of calories fails to produce permanent 
weight reduction in so many cases, alternative modes of therapy and 
types of diet deserve consideration. Increased exereise and thyroid 
medication can be dismissed briefljq for our experience with their 
futility coincides with that of others.**-® Sporadic exercise usually 
stimulates the appetite out of proportion to the small increase in total 
caloric output. Desiccated thyroid in moderate amounts has little 
effect on the metabolism of euthyroid individuals, since the hormone 
is inactivated.*^ With larger doses, undesirable syunpto.ms of hyper- 
thyroidism appear, and the effect of the increased appetite cancels 
the higher caloric output. 

Both lower and higher caloric diets have been used in the treatment 
of obesity, hlarked limitation of intake to a diet yielding only 400 
or 500 calories daily has been advocated.®-® This regime naturally 
results in more rapid loss of weight than do the 1200 or 1400 calorie 
diets. If sufficient protein is included, a negative nitrogen balance 
can be avoided.*® This program, however, can be followed for only 
comparatively brief periods.** Evans, a leading exponent of this 
regime, presents only the amount of weight lost acutely. In a recent 
report he notes that 121 patients lost on the average 21.7 pounds in 
8 weeks.® Comparable results were obtained with our regime during 
the initial acute period. The high percentage of failure in our cases 
and the apparent success of other clinics can be explained by differing 
criteria. We have defined success in terms of permanent weight re- 
duction rather than in terms of ability to lose weight acutely. It has 
already been pointed out that if the complications of obesity are to be 
avoided, the weight reduction must be permanent. Relapses are 
common following periodic drastic caloric limitation, just as they are 
With the more moderate regime. The reports of Newburgh® and of 
Evans®-® present no data permitting statistical evaluation of the 
permanency of their results. In selected patients, however, such a 
regime may produce satisfactory weight control. 

A less marked restriction of calories to about 2000 daily offers a 
rational alternative plan of therapy, since caloric expenditure of most 
patients is higher. Under this plan an ordinary diet is prescribed, 
altered sufficiently to produce a small negative caloric balance. Weight 
decrease is then slow and continues over a long period of time. Reduc- 
tion is accomplished through the inculcation of correct eating habits 
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rather than through a regime which cannot be long continued. It 
does seem to be true that in those who reduce successfully by this 
gradual method, subsequent control is facilitated. 

In this clinic no correlation has been found between the number of 
calories in the assigned diet and the permanency of the weight reduc- 
tion. Immediate success was common with almost any regime con- 
taining 2000 calories or less, if the diet was followed. This is repre- 
sented graphically by the large number of patients who lost up to 
30 pounds during periods of several months (Fig. 3). Ultimate success 
was much more rare. It must be recognized that a diet which is 
metabolically sound fails in a great many cases to produce any lasting 
correction of the obesity. Too much attention to immediate success 
obscures these poor ultimate results. Less emphasis ought to be 
placed upon calories and more upon the dietary habits of the patient, 
so that over a sustained period the intake will remain less than the 
expenditure of energy. The procedure bj’- which a particular patient 
is to be persuaded to alter his habits of eating must necessarily be 
individualized. 

Summary and Conclusions. 1. The complications associated with 
obesity have been studied in 141 obese subjects and compared with 
those in 100 control subjects. 

2. An unusually high incidence of varicose veins, of joint symptoms 
confined to the knees and ankles, and of hypertensive cardio^^^scular 
disease was found in the obese group, particularly in subjects less than 
40 years of age. 

3. In obese patients with hypertension, the blood pressure fell in 
approximately one-half of the patients as the body weight was reduced. 
Hypertension usually did not appear in obese individuals as their 
weight increased further. 

4. The experience of a large metabolic out-patient department with 
attempts at weight reduction has been reviewed. Success, based upon 
a, permanent weight loss of 30 pounds or more, was obtained in only a 
minority of the cases. 

5. Reeducation in basic eating habits is essential for permanent 
reduction. The actual daily negative balance of calories is of much 
less importance. 
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NUTRITIONAL IMPROVEMENT OF CHILD MENTALITY* 
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Mental energy is a product of 2 factors — capacity and intensity; 
the one is determined by heritage and maintained b 3 '^ essential nutri- 
ents, especiallj'' proteins, lipids, w^ater and anions, wdiile the other 
factor depends on immediate availability^ of dextrose, oxygen, vitamins 
and cations. Metabolic disorders affecting the capacity factor or 
brain structure tend to produce irreversible anatomic lesions, while 
nutritional disorders affecting cerebral function tend to produce 
reversible biochemical lesions. The role of some essential nutrients 
has been evaluated in the mental activity of experimental animals but 
the applicability of this knowdedge to children is a moot question. 
Since multiple nutritional deficiency predominates, the pertinent 
problem is to determine the effect of malnutrition on retarding mental 
function. 

Despite the difficulty of evaluating the nutritional status of children 
at various ages and the task of excluding underlying diseases affecting 
mental growdh, \ve have, nevertheless, been able to study the effects 
of nutritional improvement on child mentality in 182 children from 
2 to 9 years of age, half institutionalized at the Fifth Avenue Hospital 
and New York City Children’s Hospital and half out-patients at the 
Heckscher Institute and at the Senior Author’s office. 

Table 1.— Effect of Nutrition on Mentality 
Malnourished Groups 

41 retarded 50 normal 

Range Average Range Average 

2-8 yrs. 3 yrs. 10 mos. 2-10 yrs. 4 yrs. 8 mos. 

20-90 45 95-145 110 

1-7 yrs. 35 yis. 1-31 yrs. 2 yr.s. 

-8 to +44 +10 -12 to +55 +18 

Well-nourished Groups 

Age 2-8 yrs. 4 yrs. 10 mos. 2-10 yrs. 5 yrs. 

I-Q. .... 20-90 52 95-140 110 

Interval 1-8 yrs. SI yrs. 1-3 yrs. 2 yrs. 

1-Q. change . . -20 to +11 -0.3 -25 to +20 -0.9 

Group 1 included 41 mentally retarded and 50 normal children 
malnourished at the time of the first mental test and wtII nourished 
at the tune of the second test. Group 2 included 41 retarded and 
50 normal children, tvell nourished at the time of the first test and still 
W’ell nourished at the time of the second test. Each group was equated 
for chronologic age, I.Q., and interval between Ivuhlmann-Binet or 

* Aided in part by a grant and products from Mead .Tohnson & Co. 
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Stanford-jBinet tests. The data in the tables below reveal an average 
rise of 10 points for retarded and IS points for normal children of 
Group 1 in contrast with an average of zero change for the retarded, 
and a —0.9 change for the normal in Group 2. The greater variability 
shown by higher standard de^dation of I.Q. in Group 1 in comparison 
with Group 2 is probably due to the initial variations in nutrient 
deficiency and individual responses to nutritional therapy. The sig- 
nificance of this difference in I.Q. change in favor of the malnourished 
group is 2.43, indicating that chances are 99.2 in 100 that the difference 
is greater than zero. 


Table 2. — I.Q. Changes in Mentally Deficient Children 


Age . . 

I.Q. . . 
Interval . 
I.Q. change 


Age . . 

I.Q. . . 

Interval 

I.Q. change 


Malnourished Group 


Range 

Average 

Standard 

deviation 

2 yrs. 1 mo. to 

3 yrs. 10 mos. 

1 yr. 5 mos. 

7 yrs. 10 mos. 

22 to 82 

45 

16 

8 mos. to 7 yrs. 

3 yrs. 7 mos. 

1 yr. 6 mos. 

-8 to +44 

+ 10 

12 

Well-nourished Group 


2 yrs. 7 mos. to 

4 yrs. 10 mos. 

1 yr. 5 mos. 

7 yrs. 7 mos. 

22 to 88 

52 

19 

8 mos. to 8 yrs. 

3 yrs. 4 mos. 

2 yrs. 1 mo. 

9 mos. 

-20 to +11 

-0.3 

6 


Intercorrelations by the Pearson Product-Moments method: 

Malnourished 

Age initial »s. I.Q. rise . . — .56r =t.08P.E.r 

I.Q. initial vs. I.Q. rise . — . 199r . lOP.E-r 

Interval rs. age .... — .098r=fc .lOP.E.r 

Interval Bs. I.Q. rise . — .221r . 102P.E.r 

Age BS. I.Q. . ■ -f-.23r =t.l02P.E.r 


Well-nourished 

- .003r=t.l06P.E.r 

- .025r=t .10GP.E.r 

- .210r±.102P.E.r 

- .034r±.10GP.E.r 

- .007r±.106P.E,r 


There is a significant correlation between the age at the time of the 
first test and I.Q. rise. A correlation of —.56 js a clear indication that 
the younger the malnourished child when nutritional therapy is 
instituted, the greater the chance of improvement in mental function. 
Indeed, the sharp decline in average I.Q. rise for the malnourished 
group after the age of 4 years suggests that irreparable damage is to 
be expected in older children. Flexibility of I.Q. change during the 
first 4 years of life bespeaks of reversibility in mental development, 
while relative constancy in I.Q. change in older children bespeaks of 
irreversibility in mental development following prolonged rnalnutrition. 
The slightly positive correlation between the length of interval and 
I.Q. rise in the malnourished group as compared Avith the zero corre- 
lation of the well nourished group suggests that as long as 2 ;\ears 
may be necessary to bring about the average gain in I.Q. following 
nutritional therapy. _ ... 

Summary. 1. The effect of nutritional improvement on chilci 
mentality has been determined in 182 children, 2 to 9 years of age, 
half institutionalized and half out-patients, for a period of 14 years. 
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2. The group of children malnourished at the time of the first mental 
test and well nourished at the time of the second test showed a rise 
of 10 points for the retarded and a rise of 18 points for the mentally 
normal, in contrast with an average zero change for the group well 
nourished at the time of the first test and still well nourished at the 
time of the second test. 


Table 3. — I.Q. Change/ Age in Mentally Deficient Ghohp 
M alnourished W ell-nourished 



No, of 

Average I.Q. 

No. of 

Average I.Q. 


Age 

c.ises 

change 

cases 

change 

Difference 

2 . . . 

. 11 

+ 13.0 

5 

+ 2.4 

+ 10.6 

3 . . . 

. 15 

+ 14.4 

7 

~2 8 

+ 17.2 

4 . . . 

8 

+ 5.3 

10 

-1,8 

+ 7.1 

5 . . . 

0 


8 

+ 1.6 


6 . . . 

5 

+ 1.6 

9 • 

-0 7 

+ 2.3 

7 . . . 

2 

+ 0.5 

2 

+ 1.0 

- 0.5 


Table 4. — I.Q. Change/Interval in Mentally Deficient Group 


Interval 


No. ot Average I.Q. 
cases change Range 


6 mos. to 11 mos .... 11 

12 mos. to 18 mos 12 

19 mos. to 25 mos 7 

26 mos. to 32 mos 6 

33 mos. to 5 yrs 5 


+ 5.6 

- 4 to +20 

+ 6,8 

0 to +26 

+ 10 7 

— 2 to +28 

+ 11.3 

0 to +23 

+ 06 

- 10 to + 9 


3. The younger the malnourished child when nutritional therapy is 
instituted, the greater the chance of improvement in mental function 
since the I.Q. rise is insignificant after 4 years of age. 


SALMONELLA INFECTION IN MAN 

A Report op 5 Cases With autopsies in 2 Cases, and a 
Review of the Clinical Aspects 

By Jacob Sachs, M.D. 
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ASSISTANT IN MEDICINE 
BROOKLYN, N. Y. 

(From the Department of Medicine, Israel Zion Hospital) 

In little more than half a century which has elapsed since Salmon 
and Smith, in 1885, first isolated the organism which they believed to 
he the cause of hog cholera, there has come an ever-growing awareness 
of the importance of salmonella infection in man. We now know that 
hog cholera is due to a filterable virus, and that the suipestifer organism 
of Salmon, a natural inhabitant of the intestinal tract of hogs, is but a 
secondarj' invader responsible for the septicemic manifestations. 
Nevertheless, isolation and identification of this and other organisms 
related to the typhoid, paratyphoid group, now all included under the 
generic name of Salmonella, have assumed increasing significance in a 
group of infections of varying severity frequently encountered in 
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clinicRl pructice. Our knowledge lias been placed on a firmei footing 
since tlie introduction of a schema of classification by White« and 
Kauffmann'" based on antigenic analyses, by means of which more than 
100 tA'pes of salmonella have been identified to date. They are at 
present classified into 6 groups (A, B, C, D, E, F), depending on their 
biochemical and serologic reactions, the latter being based on aggluti- 
nation tests with sera against the somatic and flagellar antigens of the 
organisms. Since a multiplicity of sera is required, and since some of 
these organisms at times show variations _ in antigenicity, the final 
identification of a strain often becomes a difficult matter, beyond the 
resources of the average hospital laboratory. For this reason, several 
Salmonella Centers have been organized where all the necessary 

serologic work can be performed. _ . 

Not all salaionellas have been associated with the disease in man, 
though it is likely that they are all potentially capable of producing such 
disease.'* Furthermore, the severity of the clinical manifestations 
varies with the infecting organism. For instance, of the five common 
sahnonellas, S. paratyj)hi A and B, S. iyphi murium, S. entcruMis, 
and S. choJerx suis, infection with S. iyphi murium is the form most 
frequently encountered in the United States, and in 90% of the cases 
it results in a mild gastro-enteritis.’^--” On the other hand, by 
largest per cent of septic infections is due to S. choleris suis (suipestiier). 
It thus becomes a matter of practical importance to identify the 
infecting organism as soon as possible, not solely for the epidemioli^ic 
implications, but also as an aid in prognosis and treatment, koi 
example, if the causative organism is the S. cniendiiis of Gartner oi 
the Typhi murium of Breslau, and the patient has recovered from 
the acute enteritis, we need no longer be concerned about him, pro- 
vided the stool cultures have become negative; but with some of 'tie 
other organisms the course may be more serious. Thus, S. parathypi ^ 
produces a tjqihoidal course with fever and bacteremia but usua y 
no enteritis; the Sohottmueller paratyphi B causes enteritis, fever, 
sometimes visceral abscesses, and later may produce healthy carrieis, 
while the S. siiipestifer may occur in epidemic form when it is usua y 
mild, or in the sporadic form when it is often severe and complicate 
by abscesses in various organs. During the past 2 years the following 
5 cases have been observed on the medical and surgical services o 
the Israel Zion Hospital which exemplify the protean nature or ic 
disease. 

Case Reports. Case 1. J, R. (116481), a 52 year old white 
admitted to the hospital on 10/23/43, as a private patient, because o* , 
weakness of the left arm and leg, and stupor of 24 hours’ duration. "N • 
weeks prior to the present illness he developed a sudden pain in the let 
of the abdomen and fever which subsided in 2 days. On the day ,gjj 

mission, while at work, the patient experienced a severe chill. He was & 
some whiskey and sent home. A physician was called who found a 
peratiire of 101° F., paralysis of the left arm, and some voluntary ^ fjjj. 
neck flexion. The following morning these signs had increased 
tion, there was weakness of the left leg. The patient was hospitalized wi 
admission diagnosis of encephalitis. 
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The temperature was 104° F., the pulse 110, and the respirations 30. The 
blood pressure was 170/70. The hemoglobin was 98% (Sahli), the red cell 
count 4,890,000, and the white cell count 15,600 (63% stab neutrophils, 16% 
segmented neutrophils, 16% lymphocytes, 9% monocytes). A spinal tap 
yielded 5 cc. of bloody fluid under 8 mm. of mercury pressure. The blood 
chemistry showed 170 mg. of glucose per 100 cc., 30 mg. urea per 100 cc., 
an icteric index of 38, and a direct positive van den Bergh. 

A neurologic consultant found the patient comatose, with moderate neck 
rigidity but no Kernig’s sign, paralysis of the left upper and lower extremities, 
and a bilateral positive Babinski sign. In rdew of the bloody tap he felt the 
case was one of subarachnoid hemorrhage, although he could not rule out an 
inflammatory process. A second spinal tap was performed which showed 
clear fluid with 68 mg.% of glucose, and 5 to 6 white blood cells per c. mm. 
A culture of the spinal fluid was negative. 

On 11/1/43, a blood culture was reported positive for bacilli of the salmonella 
group; these were later identified as <8. cholerse suis. Two subsequent blood 
cultures were sterile. A culture of the stool was negative for salmonella, and 
a urine culture was not done. 

Nine days after admission the patient was transferred to the medical serAuce. 
At this tune he presented a septic facies; he was semicomatose, irrational, and 
delirious. The temperature spiked to 104° F., neck rigidity Avas quite marked, 
icterus Avas eAudent, and spasticity and tenderness AA'ere present in the right 
upper quadrant. _ - 

The patient continued to run a septic temperature, but bj’’ 11/13/43 his sen- 
sorium had cleared somcAAdiat, and he was more cooperatiA'^e. A dry, hacking 
cough now became eAudent, and there Avere signs of consolidation at the right 
base AAuth dulness and subcrepitant rales. On 11/17/43, a pleuritic friction 
rub was heard in the right axilla, and fist percussion tenderness was elicited 
over the liver. From here on the course continued steadily downhill, and on 
11/21/43 he developed pulmonary edema and died. 

The entire duration of his illness Avas 1 month. Treatment consisted of 
sulfadiazine, parenteral fluids, and supportive measures. 

The final diagnoses included S. suipestifer septicemia, S. suipestifer brain 
abscess, cholangitis, and pneumonia. 

Autopsy. The postmortem (4 hours after death), AA-as limited to the chest 
and abdomen. The pertinent findmgs AA'ere as folloAvs; 

The right lung AA'eighed 690 gm. It Avas adherent throughout its entire 
surface to the chest AA^all and diaphragm. The pleura was coA^ered AAuth a 
shreddy, yelloAvish-green, partly organized fibrinopurulent exudate extending 
on to the diaphragmatic surface of the lung. The consistency of the upper 
lobe Avas markedly increased. On section, the upper and part of the middle 
lobe shoAA^ed many granite-red, granular appearing patches of consolidation. 
There ivere a few caAuties, up to the size of a cherry, Avhich Avere filled vdth 
frank pus. The walls of these cavities were not clearly defined and consisted 
of shreddy-appearing lung tissue. The loAA^er lobe ‘showed no evidence of 
coiisolidation but appeared poorly ®rated and of bluish color. The left lung 
AA’eighed 420 gm., AA'as moderately congested on section, but appeared normal 
otherAA-ise. The pleural surface of the right dome of the diaphragm AA'as covered 
with a thick and largely organized fibrinopurulent exudate AA'hich was in 
apparent contiguity AAdth the exudate of the diaphragmatic surface of the right 
lung. Corresponding to this area, an accumulation of frank, greenish-gray 
pus AAUS found beloAA^ the diaphragm on the right dome of the liver. The 
subphrenic abscess extended into the liver parenchyma proper and, on section 
a fairly large part of the upper right liver lobe aaus invohud. The liAur tissue 
in this area Avas partly transformed into a necrotic debris. The rest of the 
liAur parenchyma shoAAud the central Auins to be fairly well discernible as 
specks, and the peripherj'^ of the lobules shoAA'ed a distinct 
plloAA'ish tinge. The gall bladder AA'as someAA'hat enlarged and moderately 
tense, and contained clear-green, Aoscid bile. The spleen Avas enlarged (weight 
220 gm.), and of soft consistency. The capsule was duU. On section, a plum- 
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sized abscess cavity containing frank pus v'as found near the hilum. The 
Malpighian foUicles and trabeculse were ill defined. The small and large in- 
testine showed scattered areas of thinned mucosa and vascular congestion, 
but were otherwise normal. 

On microscopic examination, the pleural surface of the lung was covered with 
a thick layer of partly organized fibrin throughout which were many neu- 
trophils and round cells scattered and in focal collections. There were numer- 
ous pigment-laden macrophages. The lung parenchyma showed many areas 
in which the alveoli were filled with masses of partly organizing fibrin Mth 
scant cellular elements. There was an occasional large focal collection of 
neutrophils. Throughout were scattered macrophages containing brown pig- 
ment. In the splee7i was a large infarct. Included in this area, and at the 
periphery, were seen several arteries the lumina of which were occluded by 
granulation tissue consisting of capillaries, fibroblasts, lymphocytes, and 
histiocytes. A few circumscribed abscesses were seen. The liver contained 
large cavities, the borders of which consisted of a- layer of neutrophils with 
varying numbers of histiocytes, fibroblasts, and lymphocytes. The centers of 
the ca^dties contained fibrin and neutrophilic exudate. Be 3 mnd this area, 
many of the liver cords were replaced by fibroblasts, lymphocytes, and varying 
amounts of connective tissue. 

Pathologic Diagnoses: S. suipeslifer septicopyemia; confluent broncho- 
pneumonia with abscess formation, right lung; subphrenic abscess; abscess of 
the liver; abscess of the spleen; acute tracheobrorrchitis; vascular congestion 
of the intestines; and atherosclerosis of the aorta, moderate. The cerebral 
symptoms were probably due to metastatic abscess formation in the brain. 

Case 2. T. W. (111923), a 60 year old white female, was admitted to the 
surgical service on 12/26/42, because of pain in the right upper quadrant and 
right shoulder of 28 hours’ duration. This had been followed by a chill and a 
rise in temperature to 103° F. She had vomited once. One year before ad- 
mission the patient had an attack of biliary colic; since then she suffered from 
epigastric distress after meals. 

The temperature on admission %vas 103° F., the pulse 120, and the respira- 
tions 24. Pltysical examination revealed a cyanotic flush about the cheeks, 
an icteric tinge to the conjunctivas, and slight tenderness in the right upper 
quadrant, but no rigidity or rebound.' The hemoglobin was 98% (Sahli), 
the red cell count 5,200,000, and the Avhite cell count 7600 (67% neutrophils, 
24% Ij'^mphocytes, 9% monocytes.) The urine contained a trace of albumin 
and a few leukocytes. A blood amylase determination was within normal 
limits. 

Six days after admission the symptoms abated, and the patient was tran^ 
f erred to the medical service with a diagnosis of subsiding cholecystitis and 
possible edema of the pancreas. From a stool sent to Wre laboratory for 
routine tests and culture, a S. neioport was recovered. A few days later a diag- 
nostic duodenal drainage was instituted and culture of the bile revealed a 
S. newport organism. 

The patient was treated with succinyl sulfathiazole until the stool cultures 
were ’reported negative. She was discharged 27 days after admission with a 
diagnosis of cholecystitis due to S. newport. 

Case 3. E. Z., a 32 year old white male, was admitted to the hospital on 
3/7/43. Two days before admission he developed chills, headache, pains in the 
back and limbs, and fever. The following day there was a recurrence of the 
chills and fever associated with abdominal cramps and several loose 6owel 
movements. On the daj' of admission, the patient had a 3rd chill and the 
temperature rose to 104° F., but by the next daj’^ it had dropped to normal- 

Phj'sical examination was entirely negative. The hemoglobin was 98 ^ 
(Sahli), the red cell count 5,000,000, and the white cell count 11,200 (^5 /o 
neutrophils, 2% eosinophils, 20% lymphocytes, 3% monocytes). 
culture taken on 3/8/43 was^reported positive for S. typhi mitrium. The blooc 
culture was negative. The patient was treated with sulfaguanidine until th 
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stool cultiiTO was reported negative. He was discharged 9 days after admission 
with a diagnosis of S. typhi vmriwn gastro-enteriiis. ^ _ 

This patient had a short enteric infection due to S. iyplii mvniwi with fever, 
prostration, negative blood cultnrc, bnt a positive stool culture. This organ- 
ism, also known as B. xrtrychc, is a member of salmonella Group B. It is a 
natural pathogen of rodent's, is patliogcnic for man and other animals, and i.s 
tlie most l^rcqucnt cause of outbreaks of salmonella food poisoning. Without 
tiic stool e,\'ainination, the siiccific diagnosis would have been missed in this 
case, as it usually is in many similar cases of diarrhea. 

Cask 4. M. OTi. (113126), a .53 year old white female, entered the ho.spital 
on 3/13/43, because of diarrhea of 5 days’ duration. She had pneumonia when 
10 years old. At 28 ycar.s of age .she had an appendectomy, at 31 years a 
cholecystostomy, and at 34 years a cholccystcctom 3 ^ Her present i}lne.s.s 
began with abdominal crainp.s and diarrhea following a meal of meat balls 
and macaroni. At the onset the bowel movements were loose and brownish 
with no pus or blood; the following day, however, they became foul-smelling, 
green, and admixed with bright red blood. 

The temperature on admi.ssion was 99.6° F., the pulse 100, and the a’cspi- 
rations 20. The blood pre.ssure was 130/90. The patient apjaearod toxic and 
dehydrated. The pertinent jahysical findings wei'c limited to the abdomen 
which was extremely obese. There was a large right rcctvs scar in the lower 
portion, of wliich was an iiacisional hernia. There wci’c no ai'eas of tendorne.s.s, 
and no palpable masses. Tlic liver and .spleen could not be felt. Proctoscopy 
revealed an edematous, reddened mucosa, but no nlcei'atioias. Pea soup stools 
wove observed, and contents wore obtained for culture. 

The hemoglobin was 120% (Sahli), the I’cd ccl) count 5,9.50,000, and the 
white cell count 6500 (57% stab ncutrophil.s, 23% sogmenlcci neutrophils, 
33% lymphocytes, 7% monocytes). The sedimentation rate was 53 (We.stor- 
gren). A blood chemistry showed 190 mg. of glucose per 100 cc., and 58 mg, 
urea per 100 cc. Tlic increased red cell count, hemoglobin, and urea were 
taken to be an indication of severe hcmoeonccntmtion induced by the persis- 
tent diarrhea. The stool was positive for blood, muctis, and bile, and on 
culture revealed a S. newpoH. A blood culture and agglutination tests, how- 
ever, wore negative. 

The patient was placed on succinyl sulfathiazolc, 1 gni. every 4 hours. The 
temperature varied between 99° and 100° F., and the cramps and diarrhea 
persisted. Ten days after admission she suddenly lapsed into n coma. The 
respirations were shallow, lips cyanotic, and the heart sounds unobtainable. 
She expired the following morning in spite of stimulation. 

Autopsy. The postmortem (4 hours after death), was limited to the chest 
and abdomen. The pertinent findings were as follows: 

No free fluid was present in the peritoneal cavity. Tlic stomach and trans- 
verse colon were distended . The hepatic flexure of the colon was drawn upward 
to the gall bladder bed by dense adhesions. Tlic gall bladder was not present. 
The spleen weighed 180 gni., its consistency was mushy, and the pulp diffluent. 
Malpighian follicles and trabecula; could not be distinguislicd. The liver 
weighed 1550 gm. and rvas flabby and friable. Tlic capsule was smooth and 
glistening. The color was reddi.$b-brown with a distinct yellowish tinge. On 
section, the parenchyma showed the usual nrcliitecturc to be partly obliterated 
by a homogenous, yellowish appearance. The esophngu.s was normal The 
stomach contained a moderate amount of Ijrownish, semi-liquid material. 
The mucosal folds were somewhat atrophic, and there were streaky hemoiThages 
along the greater curvature and in the antrum. The small intestine was 
normal, except the terminal ileum, beginning at a distance of about 20 cm 
from the ileocecal valve. Here the mucosa was markedly injected, dark red iri 
spots, and showed a number of pin-point hemorrhages. There were also a 
number of minute ulcerations of the muco.sa. Tlic cecum displayed ulcera- 
tions behind Bauhin’s valve, Tlie rest of the mucosa of the cecum and large 
bo\yel were grosser rcgidar Tlie pancreas, in general, showed the lobulalcd 
architecture to be fairly well outlined, but there was a considerable amount of 
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fatty and fibrous interstitial infiltration. TJiere were also seen a number of 
pin-point, j^ellowisli-white, elevated specks winch had the gross appearance of 
fat necrosis. There was no free fluid in the thoracic ca^nty. The heart con- 
tained a few cc. of yellowish fluid in the pericardial sac. On serial section there 
were numerous pin-point sized hemorrhages through the walls of both ven- 
tricles, which in places gave the myocardium a reddish-brown color. The 
ostia of both coronary arteries were patent. On dissection, both coronary 
arteries were patent throughout, though a number of pin-point sized, elevated 
lipoid specks were seen. The ascending aorta showed many jmllovnsh-white, 
plum-to-quarter-sized eleA'ated and partly calcified plaques. The left lung 
AA^eighed 4S0 gm. The upper lobe was well aerated, the lower lobe congested. 
There Avas considerable anthracotic mottling. On section, a large amount of 
frothy fluid could be scraped off the cut lung surfaces. The color of the lung 
parenchyma aa-ss dark red, and there AA'ere a feAV grayish red, someAAdiat granular 
elevated areas grossly suggestiA^e of consolidation. The right lung Aveighed 
550 gm. and was similar in appearance to the left. 

On microscopic examination, the heart muscle fibers showed fragmentation. 
Lipochrome granules AA'ere seen at the nuclear poles. In a feAV patchy areas, 
the muscle fibers were separated 63 ’- cellular elements consisting of neutrophils, 
ymphoc 5 "tes, plasma cells, and fibroclasts. These cellular elements were 
situated in a fibrillar netAVork, especially around the larger I'essels, but in a 
lesser degree could be folloAved into the interstitial spaces. In the lungs, man 3 ^ 
of the alveoli contained a pale staining, fluid-like material. In some areas, 
peribronchial collections of lymphoc 3 'tes Avere seen. The tubular epithelium 
of the kidneys was SAAmllen and desquamated in places, obliterating the lumen. 
There Avere focal collections of lymphocytes betAA-eeh the tubules. The mucosa 
of the ileum AA'as ulcerated. HoAvever, there w'as only sparse lymphocytic 
infiltration of the wall. In the pancreas, an increase in peri- and interlobular 
fat and connective tissue elements AA'ere present. BetAveen the lobules and 
within the meshes of the fat cells a rich cellular exudate in a fibrinous network 
AA^as seen. The exudate consisted of many lymphocytes, neutrophils, and 
plasma cells. There AA'as considerable fibrous replacement of the glandular 
elements, with fibrosis and patch}' h 3 ’’alinization of some of the Langerhans’ 
islands. 

Pathologic Diagnoses: Ulcerative terminal ileitis and cecitis; acute splenitis; 
petechial hemorrhages of the heart and liA'er; atherosclerosis of the aorta, 
moderate; and fat necrosis and fibrosis of the pancreas, moderate. The clinical 
picture pointed to brain inAmh'ement, although no examination of the brain 
Avas permitted. 

Case 5. E. H., a 24 3 mar old AAdiite male, Avas admitted to the hospital on 
4/19/43 because of abdominal cramps and diarrhea of 6 days’ duration folloAAdng 
a meal of sausage, fresh ham, and sauerkraut. The onset AA'as associated Avith 
chill and a temperature of 102° F, The frequent boAvel movements AA'ere not 
controlled by the usual S 3 'mptomatic therap}'. The cramps were colicky 
in character and generalized at first, but during the next 2 da 3 'S the}' graduall}' 
localized in the left loAver quadrant. 

The admission temperature was 101.8° F., the pulse 70, and the i’espirations 
20. The eyes and phar 3 'nx AA'ere congested. The heart and lungs AA'ere negath'e. 
Examination of the abdomen reA'ealed spasm and tenderness in the left loAver 
quadrant, and peritoneal rebound. There were similar findings in the right 
loAver quadrant, though of lesser degree. 

The urine Avas negath'e. The hemoglobin was 104% (Sahli), the red cell 
count 5,320,000, and the AA'hite cell count 12,000 (50% stab neutrophils, 24% 
segmented neutrophils, 17% lymphocytes, 9% monocytes). 

Because of the duration of the complaints AA'ith diarrhea and phaiq'ngeal 
congestion, a t}'phoid-like illness was suspected, in spite of the localizing 
signs in the left loAver quadrant. Agglutination tests Avere negative for typhoid 
and parat}'phoid. A stool specimen AA'as posith'e for blood, pus, and on culture 
yielded a iS. 'paratyphi B. The Widal Avas not repeated, but 2 subsequent stool 
cultures were posith'e for the Schottmueller organism. 

The patient AA'as given sulfaguanidine, 1 gm. eA'ery 4 hours, and the tern- 
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perature gradually returned to normal in about 4 days, the diarrhea subsided, 
and he became asymptomatic. He was discharged from the hospital 20 daj'^s 
after admission follo^Ying 2 negative stool cultures, i 

Discussion. Clinical Manifestations. Several recent analytical and 
statistical reviews have helped clarify the various aspects of Salmonella 
infection.'*’’^®'^® In general, 3 clinical types may be recognized. Of 
these the most common is the gastro-enieric. It is characterized by a 
short incubation period (6 to 24 hours), followed by a sudden onset of 
gastro-enteritis, with fever, abdominal pain, vomiting, headache, and 
diarrhea. It may vary in severity from the mildest form of enteritis 
to a cholera-like syndrome terminating in death. There may be signs 
of localization simulating appendicitis or cholecystitis, the so-called 
“pseudo-surgical” syndrome.^® Slocum®^ has commented on the 
differential diagnosis of staphylococcus and salmonella food poisoning. 
In the former the incubation period is shorter (2 to 4 hours), and while 
the sjonptoms are similar to those of salmonella gastro-enteritis, fever 
is uncommon and recovery is rapid (6 to 8 hours). The diagnosis of 
salmonella gastro-enteritis depends on culturing and identifying the 
etiologic organism, usually from the stool, but only occasionally from 
the urine or blood. All serologic groups of Salmonella may produce 
this form of infection, though /S. tyfhi murkmi is the most frequent 
offender. 

The second type has been designated by Bornstein^ as Salmonella 
Fever. Its course resembles an atypical typhoid with fever, malaise, 
leukopenia, and usually a slow pulse, though roseola and an enlarged 
spleen are often absent. The fever may be continuous or spiking with 
a duration of 1 to 3 weeks. As in tjq>hoid, tracheobronchitis may 
occur. Localized foci do not occur in this form. The most frequent 
etiologic organisms in this type of infection are S. paratyphi A and 
However, other salmonellas may be responsible, as was true in Case 4 
of our series. The diagnosis depends on isolating the organism from 
the blood in the earlier stages of the disease, and later in the course by 
specific agglutination reactions. Stool cultures are seldom positive. 

The third clinical type may be called the septicopyemic. Its mani- 
festations are protean, and the mortality rate is high. This form is 
characterized by marked invasiveness, spreading either by contiguity 
from an infection in the alimentary tract, or through the blood stream. 
There is a tendency to localize in lungs, bones, and joints; and visceral 
abscesses are frequent sequelae. Salmonellas have been implicated 
in many localized infections including pleural and pericardial effusion,’^^ 
pulmonary lesions,^ osteomyelitis and py arthrosis, endocarditis,'=^^ 
meningitis,® and pelvic exudates.^® When localization occurs, leuko- 
cytosis IS the rule. The sjmptoms consist of evidences of sepsis with 
other findings, depending on the points of localization. Intestinal 
lesions are usually absent and the causative organism is rarely re- 
covered from the stool. The diagnosis depends on isolating the organ- 
ism from the blood and/or from infected foci, and on specific aggluti- 
nation reactions which are usually positive in the later stages of the 
disease. Members of Group C, 8 . cholerse suis in particular, are most 
often responsible for this type of infection. 
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While in general every case conforms to 1 of the 3 types/ it has been 
pointed out by Seligmann et alP that an absolute differentiation is not 
entirely feasible, since one may merge with another. Nevertheless, 
such classification is of considerable aid in furthering our understanding 
of the varied manifestations which may be encountered. 

Epidemiology. Salmonella infection may occur in epidemic or spo- 
radic form. While it has been possible frequently to trace the source 
of an epidemic, the origin of the sporadic case is more difficult to 
identify. The more common modes of transmission are meats of 
infected animals, sausage, cream puffs, ice cream, puddings, milk, and 
polluted water. Contaminated foods are not altered in appearance, 
taste, or odor, and the presence of such contamination may only be 
determined by bacteriologic examination. The symptom-free carrier 
represents a source of potential danger both to himself and to others. 
In a routine examination of food handlers, there Avere found carriers of 
8. paratyphi B, derby, montemdeo, barcilly, give, Chester, and neiopori.-^ 
The most prevalent organisms were those in Group B, while those in 
Group C were next. Infection may be carried from person to person 
by insect vectors or contaminated foods and dishes.® The house 
fly has been implicated as a vector of S. enieridiiis.'^^ Rats and mice 
are frequently infected with salmonella organisms, and those that 
recover may act as carriers, their droppings infecting cream fillings in 
bakeries and other stored foods to which they gain access, A con- 
trary view has been expressed by Bartram et al,,^ Avho examined the 
feces of 800 domestic rats and found that these animals are not normally 


carriers of salmonella organisms. They feel that their importance 
as vectors has been overemphasized. Several European epidemics,*^ 
and at least one epidemic in the United States,^® have been traced to 
infected ducks’ eggs. 

Pathologic Anaioviy. Specific lesions have not been demonstrated. 
Intestinal lesions may vary from ulceration to catarrh, and sometimes, 
at autopsy, the intestinal findings are normal. Recently, Angrist^ 
has described the pathologic findings in a case of S. iyphi imiriuin 
infection in Avhich the gross and microscopic pictures bore a striking 
resemblance to tj'phoid fever. Otherwise, the findings are similar 
to other bacteremias or septicemias wdth splenic enlargement, petechial 
hemorrhages, liver necrosis, and visceral abscesses. Often the infecting 


organism can be cultured from these lesions. 

Diagnosis. In the epidemic form no difficulty should be encountered. 
The sporadic case necessitates a constant aAvareness of the possibility 
of a Salmonella infection being present. All acute diarrheas should 
have a bacteriologic examination of the stool, while every case of 
prolonged fever of undetermined origin should have a culture of the 
blood, urine, and feces. In addition, when specific agglutination tests 
are being done, those for salmonellas should be included. ^ 

Prognosis. As in many bacterial infections, this depends largely 
on the condition of the patient, and the type, virulence, and ® 
the infecting organism. Fatalities are common in infants and de- 
bilitated adults, or in those suffering from chronic illness. There avctb 
5 deaths in 51 cases of salmonella fever, and 18 deaths among 



cases of the septic type collected by Bornstein.® Members of Group C, 
especially <S. cholerse suis, account for most of the deaths, because of 
their invasive tendencies. Seligmann et al.^° have analyzed 1000 cases 
of Salmonella infection of all types. Positive blood cultures were 
found in almost 60% of those due to S. eholerx sim, while S. paratyphi B 
was next with 22%. Both of our cases that came to autopsy were 
due to members of Group C; Case 1 being due to S. cholerx suis, while 
in Case 4 a S. newport was the infecting organism. The gastro-enteric 
form is usually mild, most cases recovering in 3 to 5 days. An occa- 
sional fatality occurs. 

Treatment. For the present, this must remain largely symptomatic. 
Abscesses may be drained, and foci removed surgically. Serum therapy 
has been attempted, and at least 1 cure with rabbit Group C antiserum 
has been reported.^® Vaccines may be used both prophylactically 
and in chronic infections. Sulfaguanidine has been found to be 
bacteriostatic in vitro for &. ckolerse suis and S. paratyphi A, but is 
without effect on other salmonellas.® 

Summary and Conclusions. 1. Salmonella infections are more com- 
mon than is generally recognized. 

2. They may be mild and localized, or severe and invasive. 

3. Most cases recover promptly; some are fatal in a few days; 
while others remain ill for a much longer time in a typhoidal state, 
with or without the development of metastatic abscesses. 

4. The diagnosis depends on recovering the organism from the blood, 
urine, or feces; later in the course specific agglutination reactions may 
be positive. 

5. The symptom-free carrier represents a source of potential danger 
to himself and the community. 

6. Five cases have been presented, illustrating some of the varied 
manifestations of salmonella infection in man. 
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Profound disturbances, similar in many respects to those observed 
in vitamin deficiency syndromes, are produced by the administration 
of sulfaguanidine or sulfasnxidine to growing rats receiving a highly 
purified jMany.of these toxic manifes- 

tations can be prevented or cured by various dietary factorsd~’'’®"'"’^"“ 
21,03,24,25,28,31,33,3^,36 Hypei'pksia of the thyroid gland produced by 
these drugs has been cured by the administration of thyroid powder 
or thyroxin.^'- Hov'ever, the effect of dietary' factors upon certain 
other lesions lias not been reported. 

There is evidence to indicate that some toxic effects are caused by 
the ability of the sulfonamides to inhibit synthesis of essential factors 
by the intestinal bacteria. It is recognized, howe\^er, that these drugs 
may also exert a general, systemic effect by interfering with certain 
vital enzyme systems "within the tissues. 

The present report is concerned with the lesions observed during the 
course of sulfaguanidine administration and their evolution or involu- 
tion under therapy. A more detailed report of the nutritional aspects 
of this subject will be given in a subsequent paper. 

Methods. Weanling, albino rats from the Sprague-Dawley colony were 
emploj’^ed. The basal ration bad the follo'wing composition; sucrose 76, 
Labco casein 18, salts'® 4, corn oil 2 and 1 mg. of 2-methyl-l,4-naphthoquinoiie. 
In addition, all animals received B "vntamins daily in supplement dishes in the 
following doses: thiamine 30 y, pyridoxine 30 7, ribofla"vin 30 7, calcium 
pantothenate 100 7, and choline chloride 10 mg. Two drops of haliver oil 
containing 1.3 mg. of d,l-a-tocopherol acetate were given weekly to each rat. 

One series of 60 rats Avas given the basal ration to which 1 % of sulfaguam- 
dine had been added, while another series of 48 rats received 0.5% of the 
drug in the basal diet. This is roughly equivalent to a human dosage ot lyU 
and 75 gm. dailj'". A group of 25 rats received the basal diet alone. Fn e 
animals of the latter group were given, in addition, whole liver substance 
(Wilson’s), comprising 10% of the ration, at the ex^pense of the sucrose. A nna 
group of 5 rats received 1% of sulfaguanidine with 10% of whole liver m 1 
basal diet from the onset of the experiment. . , . , 

The substances tested for their therapeutic x'alue in the leukopenia "a ) 
results from the sulfaguanidine administration have been desenbea n ^ 
previous publication."* With the exception of whole liver and a lolic a 

* Now Pathologist, St. .Joseph’s Hospital, Pittsbnrgii, Pa. . T;Tn„nanl. 
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concentrate, the test substances were ineffective. For the purposes of this 
report the animals are divided into three groups : 

A. Seventj’- rats given sulfaguanidine and ineffective or no treatment. 

B. Fort 3 '-- three rats given sulfaguanidine and liver or “folic acid” con- 
centrate (prepared from liver) plus biotin. The 5 animals which 
received liver and sulfaguanidine in the basal diet from the onset of 
the experiment are included here. 

C. Twenty-five rats (control) on basal diet. 

Rats of Series A and B were maintained on the experiment for 9 weeks 
before therapy was instituted. Periodic blood studies were made before and 
after the institution of therapy. At this time laparotomies were performed 
under ether anesthesia on 21 rats from the 0.5% sulfaguanidine series for the 
purpose of obser\nng the gross appearance of the liver. Tissue for biopsy was 
removed from the liver of 6 rats, and they, with 2 others, were immediatelj’- 
given “folic acid” concentrate and biotin. 

Seventeen surmvors of 4 months of 1% sulfaguanidine administration, all 
but 2 of which had received liver or “folic acid” concentrate plus biotin, 
were given thyroxin in doses of 1 -y per gm. of body weight subcutaneously 
for periods varying from 2 to 6 weeks. 

iUl survivors were sacrificed at the end of the experiment, after more than 
5 months of observation. Autopsies were performed on all animals and sec- 
tions were taken from the heart, lungs, liver, spleen, kidneys, sternum, adrenals, 
thyroid gland and skeletal muscle. 

Results. General Observations. Animals fed sulfaguanidine 
showed retardation and finally cessation of growth, a debilitated 
general appearance, and a severe leukopenia. These adverse effects 
of sulfaguanidine administration are similar to those previously re- 
ported. The development of a state of shock in many of the untreated 
rats was of particular interest. This was characterized by lowered 
body temperature, general apathy, and flaccidity of the tissues. In 
these rats great difficulty was experienced in obtaining sufficient blood 
from the tail veins for a white cell count. What blood could be 
obtained tended to clot almost immediately. The above symptoms 
could be prevented or cured in a large majoritj^ of the animals by the 
administration of liver or of a combination of “folic acid” concentrate 
and biotin. 

Mortality Rate. Within 3 months 87% of the rats of group A, 
but only 13% of the rats of group B died. All of the control animals 
(group C) survived. 

Gross Aotopsy^ Findings. More than one-half of the animals of 
group A showed liver lesions. These consisted of pin-head size and 
larger, opaque, white spots, beneath the capsule and irregularly scat- 
tered over the cut surface. Many livers, particularlj^' those on the 
smaller drug dosage, showed larger areas of necrosis which involved 
from 10 to 50% or more of the liver substance. Indeed, in several 
animals no normal liver tissue could be seen. These li^mrs were 
greatly enlarged, ahnost pure white in color, devoid of normal mark- 
ings, and exceedingly friable. They gave the appearance of massive 
infarction. Only 2 of the rats of group B showed liver lesions. These 
consisted of pin-head sized, chalky-Avhite foci. The distribution of 
the gross liver lesions is given in Table 1. 

The s-pleens also showed focal necroses grossly (Table 2). The 
necrotic foci were 2 to 4 mm. in diameter, a deeper yellow than those 
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in the liver and elevated above the surface. They were irregularly 
distributed. Occasionally more than one-half or even the entire spleen 
was necrotic. This was suggestive of infarction. 

Urinary tract lesions were encountered in the 1% sulfaguanidine 
series only (Table 3). All of these lesions were caused by urinary 
obstruction due to stones. The kidneys were usually enlarged, pale, 
soft and edematous. The pelves were greatly dilated. The ureters 
were also frequentlj^ dilated, and impaction of stones at the ureteral 
orifices of the bladder were not uncommon. Stones were also found 
in the renal pelves, occasionally in the bladder, and even in the urethra. 
The stones varied in size from sandlike granules to irregular, yellow 
to brown, hard masses up to 3 mm. in diameter. Several of these 
were washed free of adherent soluble material and then analyzed quali- 
tatively for sulfonamides. They were found to contain large amounts 
of free and acetylated sulfonamide with the latter predominating. In 
a few instances the kidneys were dark brown in color and the surfaces 
were granular and irregularly pitted. This scarring was inthrpreted as 
resulting froin a pyelonephritis. 

Many of the lungs showed pin-head sized, subpleural, chalk-colored 
foci which were not elevated above the surface. They were seen 
occasionally in control animals, but were encountered much more 
frequently in the experimental rats. 

Enlargement of the thyroid gland to more than twice the normal 
size was noted in many animals. This finding was as frequent in the 
treated as in the untreated rats, but was more common in the 1% 
group than in the group on 0.5% drug. 

In some rats the intestines were distended with fluid and gas and 
suggested the picture of paralytic ileus. 

No other significant findings were noted grossly. It is worth empha- 
sizing that none of the control rats showed any spontaneous lesions, 
so that those described may safely be ascribed to the results of treat- 
ment received. 

Microscopic Findings. Because of the complicated and varied 
character of the microscopic changes, they will be described first and 
their distribution noted subsequently. 

Liver. The microscopic alterations in the liver include cloudy swell- 
ing, hydropic degeneration, various tjqies of necroses, fatty degenera- 
tion, hepatitis, bacterial invasion, and varying degrees of repair. 

Albuminous degeneration: This may be slight in degree, but in most 
instances it is severe. However, even when severe, it is commonly 
the least striking lesion. The swelling of the hepatic cells is at times 
so great that the sinusoids are all but obliterated. In a number of 
rats, scattered hepatic cells contain coarse to large, angulated, baso- 
philic cytoplasmic granules. Such cells are conspicuous because of 
their purple color in the hematoxylin-eosin preparations. The nuclei 
of the hepatic cells may be normal, but many are enlarged, the chro- 
matin is scanty, and the color is pale. Fragmentation of the liver 
cords and dissociation of the liver cells is occasionally associated with 
this, as well as with the more serious alterations in hepatic architecture. 
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The -Kiipffer cells are frequently greatly swollen. The sinusoidal 
lining is often detached, and the space between the liver cells and the 
sinusoidal lining contains acidophilic granular material. The sinus- 
oidal lumens may contain little or no blood, but considerable granular 
material. 

Hydropic degeneration: The most striking and severe alteration in 
architecture is produced by an enormous swelling of the hepatic cells. 
This swelling has frequently progressed to the point of cell-wall rup- 
ture. The cytoplasm is colorless and clear except for a few remnants 
of delicate reticulum radiating from a centrally situated, round nucleus. 
The nuclei are generally smaller than those of normal hepatic cells 
and stain more deeply. The cytoplasm does not stain with any of 
the more common water-soluble dyes. Negative results are also 
obtained with fat-soluble dyes (frozen sections) including Sudan IV, 
Nile blue sulfate, and those used in the Lorrain Smith-Dietrich stain. 
Celloidin sections stained by the Best-carmine technique* show no 
glycogen in the swollen clear cells. Severe glycogen depletion is 
apparent throughout the sections. These large cells may be found 
scattered and single, but more commonly they are grouped in clusters 
of 6 to 20 cells. They may be found in central, peripheral or mid- 
zonal positions. In some animals the hydropic degeneration is exten- 
sive, involving many contiguous lobules, and may be so. severe that 
the liver tissue is scarcely recognizable (Fig. 1). Occasionally a few 
of the degenerated cells contain coarse, angulated, basophilic cyto- 
plasmic granules similar to those seen in cells which have undergone 
cloudy swelling. Other cells in the same section may show extensive 
vacuolization with slight to moderate clearing of the cytoplasm. 
These represent a less severe degree of hydropic degeneration. Gener- 
ally, however, cells adjacent to the swollen clear cells show a dense, 
acidophilic cytoplasm. 

Necroses: Various types of necroses are encountered. The necrotic 
foci are also variable in distribution, shape and size. When the 
necrosis is central, the hepatic cells immediately adjacent to the vein 
are not involved. The necrotic areas are usually one-third to two- 
thirds the size of a lobule. Some are elongated and interconnect with 
one another (Fig. 2). The necrosis is usually coagulative in type, but 
may be hyaline. With the former, the outlines of hepatic cords and 
sinusoids may be obliterated, while with the latter, not only are the 
cords and sinusoids intact, but the cell outlines may also, be discernible. 
The cells which have undergone hyaline necrosis are shrunken; the 
nuclei are absent; the cytoplasm is dense, deeply acidophilic and homo- 
geneous. The sinusoidal spaces are dilated and empty. With very 
few exceptions the necrotic regions and their periphery show no cellular 
infiltration, but adjacent viable liver cells exhibit varying degrees of 
degeneration. There is usually a severe proliferation and swelling of 
Kupffer cells, many of which are desquamated and degenerated. 

* Only a few animals were selected for glycogen studies. Care was taken to allow 
no more than 1 minute between the death of the animal and fixation of a thin slice of 
liver in absolute alcohol. • ^ w 
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Occasionally a small necrotic focus is found immediately subjacent 
to the intima of a portal vein (Fig. 3). The overlying' endothelial 
cells are swollen and desquamated, while the lumen contains a recent 
fibrin thrombus. 



Fig. 1. — Hydropic degeneration of liver. Many large clusters of swollen cells witli 
clear cytoplasm involve several contiguous lobules. Cells adjacent to the clear cells 
are essentiallj' normal. Rat on 1% sulfaguanidine, untreated. 



The most extensive necroses are tliose secondary to 
this may involve a part of a lobe or, at times, inost of the In er. ig 
to severe hemorrhage accompanies the infarctions. The peripnerj 
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the infarcted areas shows no marginal zone of leukocytic infiltration. 
There is no cellular reaction other than a moderate intensification of 
the proliferation and swelling of the Ivupffer cells seen elsewhere. 
Many sinusoids and hepatic, as well as portal, veins in the infarcted 
zones are occluded by recent fibrin thrombi. 

The least striking of the necroses involve isolated cells or clusters of 
cells. These represent the end-stage of progressive degenerative 
processes. The necrotic cells are in various stages of disintegration 
and they contribute considerably to the cellular debris present in the 
areas of degeneration. 



Fig. 3.— Focal necrosis about a vein. A delicate fibrin thrombus occludes the vein 
in the region of necrosis which also involves the wall of the vein. There is no cellular 
reaction to the necrosis. Rat on 1% sulfaguanidine, untreated. 


Fatty degeneration: Frozen sections stained with Sudan IV, Nile 
blue sulfate, and by the Lorrain Smith-Dietrich method exliibit 
droplets of neutral fat and other lipoids in the liver cells near regions 
of necrosis and Ip^dropic degeneration. The amount of neutral fat 
and other lipoids in the cells is variable and often great. The distribu- 
tion of the involved cells is irregular. In some regions the central 
zones show large amounts of neutral fat only; while in other sections 
there is little or no neutral fat in the central zones, but the mid-zonal 
or peripheral zones show both neutral fat and other lipoids in small to 
moderate amounts. Very little lipoid is found in livers which show 
minimal or no involvement. 

Hepatitis. T. he only general reaction to the various degenerative and 
necrotizing processes is a proliferation of the Kupffer cells which are 
swollen, at times to the size of hepatic cells, and frequently desqua- 
mated. Some of these cells contain dark, almost black pigment and 
some contain green pigment. However, no iron is demonstrable by 
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the Prussian-blue reaction and most of the Kiipffer cells contain no 
pigment, although phagoc^dized cell debris and vacuoles are seen 
occasional^ -ndthin the cytoplasm. In and near the necrotic zones the 
Kupffer cells are also necrotic and their debris constitutes a large 
component of the sinusoidal content. 

Bacterial invasion: Many, but by no means all, foci of coagulation 
necrosis contain large, centrally situated masses of bacteria. These 
are usually gram-positive cocci or bacilli, but in some instances gram- 
negative bacilli are also present. The tissues adjoining the necrotic 
area are usually free of bacteria. Occasionally bacterial masses are 
found Yil^bin the lumen of veins occluded by recent fibrin thrombi. 
Neither the foci invaded bj' bacteria nor the adjoining tissues show 



Fig. 4. — Scar in liver. There are numerous proliferated bile ducts and giant cells in 
the scar tissue, along with pigment-laden phagocytes, endothelial cells, and some rem- 
nants of cellular d6bris. Rat on 0.5% sulfaguanidine, untreated. 

f 

any reaction to the presence of the microorganisms. No bacteria are 
seen in areas of hyaline necrosis or in the vicinity of necroses wduch 
involve single cells or small cell groups. Infarcted zones^ are on y 
occasionally involved by bacteria. Bacteria are found only in annuals 

which died spontaneously. . n • i 

Repair: Evidence of repair is found in relatively few annuals. 
There are four indications of this process. The most obvious indica- 
tion is the presence of large scars (Fig- 4). These scars are cornpose 
of loosely arranged or fairly dense connective tissue, moderate y ric i 
in fibroblasts, and relatively avascular. Large monoc^dic phagocy es 
containing yellow pigment or with vacuolated cytoplasm are oose y 
scattered throughout the connective tissue. Many scars also con in 
Lunphocytes in small foci and also more widely and inoie sparse j 
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distributed. Many of the scars also contain proliferated bile ducts 
and sometimes groups of liver cells. Occasionally a small hepatic 
lobule is surrounded by scar tissue. 

A second indication of repair is the presence of multinucleated giant 
cells (Fig. 5). These giant cells contain 3 to 8 nuclei. The origin of 
these cells appears to be mostly from Kupffer cells, but also from bile 
duct epithelium, and occasionally from liver cells (Fig. 6). The 
appearance of the nuclei varies accordingly. Those derived from the 
Kupffer cells are darker and smaller. The cytoplasm is commonly 
pale, but occasionally it is deeply acidophilic. The gjant cells are 
frequently numerous, but are found in only a few of the animals. 
Some are seen in relation to scar tissue, but more often they are 
present in various parts of a hepatic lobule which shows no scarring. 



Fig. S.— Repair of liver lesion, the fonnation of numerous giant cells. These appear 
to be formed by endothelial cells. There is much fragmentation of the liver cords and a 
small amount of cellular debris is present. Rat on 0.6% sulfaguanidine, untreated. 


Bile duct proliferation is found in a small number of rafe. Although 
pronounced in scar tissue, this proliferation is also seen in the peripheral 
zones where no scar tissue is present. 

A fourth but less obvious indication of repair is an alteration of 
architecture without scar tissue production. The lobules are of 
various sizes, irregular in outline, and their anatomic limits are ill- 
defined. In these sections there are many isolated hepatic cells which 
are conspicuous by their deeply acidophilic cytoplasm. Many hepatic 
cells are binucleated, and multinucleated syncytial liver cell masses 
are encountered (Fig. 6). The nuclei of other cells may vary con- 
siderably in size and chromatin content. Some nuclei are very large, 
hyperchromatic, and show a very coarse chromatin network. Occa- 
sional nuclear monstrosities are noted (Fig. 6). 
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No bacteria are found in the regions which show evidence of healing. 
In 1 animal a chronic purulent perihepatitis is seen. 



Fig. 6. — Repair of liver lesion, the formation of syncytia by cells of the hepatic cords. 
Note giant cell with 9 nuclei; the nuclei vary in size and staining-intensity. There is a 
nuclear monstrosity. Rat on 1% sulfaguanidine treated with liver. 



Fig. 7.-Repair of splenic lesions. There arc irregular, ™J“8enou^^f^ collagenous foci 
small masses of deeply basophilic amorphous material (calc ifi cytoplasm, 

are infiltrated scantily by endothelial cel s some of P ^.jotin. 

Rat on 1% sulfaguanidine, treated with folic acid concentrate p 

Liver sections of some rats which received liver or _ folic 
centrate therapy show minute hematopoietic oci 
nucleated red blood cells in the sinusoids. without 

Spleen. Rounded foci of coagulation necrosis, tu ‘ nresent 
bacterial masses similar to those observed m the iter , 
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in the spleen of many rats. As many as 4 to 6 foci are seen in some 
sections. They vary in size from one-third to twice the size of a 
follicle and may involve the periphery of splenic corpuscles or the pulp. 
Thrombosis of splenic vessels is frequent. This thrombosis is of recent 
character and no reaction in the vessel wall is seen even when bacteria 
are present in the lumen. No exudation accompanies the necrosis of 
splenic tissue. 

Many spleens show small or extensive infarctions, sometimes involv- 
ing as much as three-fourths of the spleen. The infarcted zones show 
no marginal leukocytic infiltration. Profuse proliferation of endothe- 
lial cells is frequent and is associated with a corresponding paucity of 
lymphocytes and an almost complete absence of splenic corpuscles. 
The endothelial cells frequently contain a large amount of hemo- 
siderin. Some spleens show a progression of this process with the 
diffuse laying down of collagen fibers, obliterating the normal sinusoidal 
architecture. These alterations may inrulve large portions of a spleen, 
but in other regions of the same section little to moderate alteration 
may be present. 

There are a number of rats in rvhich the necrotic foci are partially 
or completely replaced by dense scar tissue. In this scar tissue there 
are deposits of deeply basophilic amorphous material suggestive of 
calcium salts; large, lipophage-like cells, monocytes, and occasional 
multinucleated giant cells are also present (Fig. 7). 

In tlie same animal rvhich shows purulent perihepatitis a similar 
perisplenitis is noted. 

Many animals which received liver or “folic acid” concentrate plus 
biotin therapy show pronounced leukopoietic activity in the splenic 
pulp. This is absent in animals not so treated. 

Sternal Bone Marrow. The histologic picture of the sternal marrow 
varies from almost complete aplasia to intense hyperplasia. In the 
severely hypoplastic marrow cytoplasmic blobs without nuclei are 
noted, as well as many large, pale, endothelial-like cells. The latter 
are frequently degenerated and the nuclei pyknotic. Megakaryocytes 
in these sections are greatly reduced in number and show similar 
degenerative changes. 

Heart. Lesions in the heart are infrequent. They are isolated, 
minute, and usually situated subepicardially in the left ventricle. 
Several foci of necrosis involving one or two muscle fibers are encoun- 
tered. Occasionally neutrophilic leukocytic infiltration of two or three 
myocardial fibers and the associated stroma is noted. Similarly small 
foci of fibroblastic proliferation are present in several animals. In a 
few rats several myocardial capillaries are found occluded by bacterial 
masses. The adjoining tissues show no reaction to the presence of the 
bacteria. 

Lungs. Subpleural collections of large, almost colorless cells with 
very small, round, central nuclei are frequent. These cells often 
c'ompletely fill the alveolar spaces and resemble alveolar phagocytes 
(Fig. S). Occasionally these cells are also seen about bronchi and 
vessels. 
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Many animals exhibit bacterial masses in alveoli and the lumens of 
large blood-vessels and alveolar capillaries. As a rule, the pulmonary 
tissue shows no reaction to the presence of the bacteria. In some 
lungs alveoli adjacent to the bacteria contain edema fluid and occa- 
sionally fibrin. In one instance the reaction consists of severe swell- 
ing, proliferation and desquamation of alveolar cells. Leukocytes are 
generally absent. Vessels near the bacterial masses are often occluded 
by recent fibrin thrombi. The walls of vessel's containing bacterial 
emboli show no reaction. In one control rat an interstitial pneumo- 
nitis is present. 



Kidneys. Cloudy swelling of tubular epithelium is present n me y 
animals, but it is severe in only a few, where it is associated 
and debris in the lumens. Deposits of structureless, deep ^ ^ . 

material are frequent in the medulla, but may seen occasiona j 
the cortex as well. These deposits, which resemb e materu^ , 

lie between the tubules and do not involve the J‘Vtei. ^ ‘ J 

to fill spaces lined, at least partially, by delicate endothehaldike ce 
(lymphatic spaces ?). There is no inflammatory reac ion a y 
these deposits. In some rats there are subepithehal deposits a 
encrustations at the pyramidal tips, and papillary projec 
with this calcific (?) material may project from the pyramids into 
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pelvis. Some of these papillae have become detached and lie as foreign 
bodies in the urinary pelvis. All animals with the latter finding were 
afflicted with gross uroliths. 

Some of the rats which exhibit bacteria in the liver or spleen also 
show bacterial emboli in the kidneys. An occasional glomerulus is 
partially or completely obliterated by the bacterial masses. Inflam- 
matory reactions are absent in all but one instance. In one rat, pro- 
liferation of glomerular epithelium and endothelium is present and 
early glomerular adhesions are demonstrable. 

In a number of rats, varying degrees of pyelonephritis are encoun- 
tered. Some of these inflammations are focal in distribution, while 
others involve the entire kidney diffusely. 

Indications of past urinary obstruction are seen in moderate to 
severe dilatation of the collecting tubules, particularly at the tips of 
the pjTamids, and occasionally also of the convoluted tubules. This 
finding is more frequent with the larger sulfaguanidine dosage. Occa- 
sionally a delicate scaffolding of fibrils outlining angular spaces within 
dilated tubules suggests the site of crystal deposits. 

Adrenal Gland. Although this organ was not sectioned in all rats, 
generally no significant lesion is found. In several instances isolated, 
minute, cortical, focal necroses and small hemorrhages are noted. 

Thyroid Gland. Hyperplasia of the thyroid is frequent. The degree 
of hjqjerplasia varies considerably and is often of severe degree. The 
hyperplastic glands are composed of relatively small acini lined by 
pale, exceedingly tall epithelium with empty, and in some instances, 
virtually non-existent lumens. 

Skeletal Muscles and Vessels. No lesion of skeletal muscles or ’of 
vessels is noted. 

Distribution of Microscopic Findings. For the purpose of a better 
perspective, the degenerative and necrotizing lesions of the liver have 
been grouped together and tabulated under “ active lesions” in Table 1. 
All lesions of the liver suggestive of repair have likewise been grouped 
together in this table under the heading of “healing lesions.” 

The distribution of significant microscopic lesions in the spleen, 
lungs and heart is given in Table 2. Microscopic renal lesions are 
classified and tabulated in Table 3. 

The sections of bone marrow are graded from 0 to 4+ according to 
the activity exliibited. On an arbitrary basis, the bone marrow with 
3-1- or 4-{- activity is classified as hyperplastic, while bone marrow 
with 24 - or less activity is classified as hypoplastic in Table 4. 

The sections of thyroid gland are similarly graded in this table 
according to the degree of hyperplasia, from 0 to 4-}-. Because the 
thyroid glands of many control rats show l-f h^q^erplasia, this is 
taken as the upper limit of activity of the resting state. Activity above 
this gfade is classified as “hyperplastic.” The thyroid glands of all 
animals which received thyroxin, with the exception of one, are in a 
resting state microscopically. 

Observations in Laparotoinized Animals. Grossly only 2 of the livers 
observed at operation showed foci of necrosis. The remaining 19 
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appeared normal or exhibited varying degrees of pallor. Hydropic 
and other degenerative changes were noted microscopically in 5 liver 
sections taken from 6 of the 8 animals which subsequently received 
“folic acid” concentrate plus biotin. Foci of necrosis were present in 
2 of the 5. 

One animal with a normal liver at laparotomy died within 24 hours 
after the operation and then had a completely infarcted liver. This 
liver was enlarged, pale, almost white, soft and friable. The cut sur- 
face was almost completely devoid of structural markings. This 
infarction could not be ascribed to operative vascular damage. 

The 2 animals showing foci of liver necrosis at operation and 4 of 
the others died within 3 days. Five more rats succumbed within 
1 month following laparotomy; only 1 untreated rat and all S treated 
with “folic acid” concentrate plus biotin survived to the end of the 
ex'periment, approximately 3 months after operation. On microscopic 
section, liver lesions were observed in 11 of the 13 untreated animals, 
but in only 1 of the 8 animals receiving “folic acid” concentrate plus 
biotin. The liver of this treated animal showed healing as well as 
active lesions. 

Relation of Hepatic Lesions and Bone Marrow Activity. A close 
parallelism exists between the pathologic alterations of the liver and 
the activity of the bone marrow. In 76% of the animals whose liver 
shows necrosis or hydropic degeneration, or both, the bone marrow is 
hypoplastic (0 to 2-f ). On the other hand, in 77% of rats with nor- 
mal liver the marrow^ is hyperplastic (3-1- to 4-{-). EightJ'-fi^'e % of 
the rats wdth hjqooplastic marroAV (0 to 2-f) show the above hepatic 
lesions, whereas 84% of the rats with maxunally active marrow show 
no hepatic lesion. 

Discussion. Clinical® and e.xperimental'’®’®'^“’^®’"°’°° reports 
of hepatic lesions produced by sulfonamides indicate that they are 
largely degenerative and focally necrotic. There is good basis for 
the belief that any one of the sulfonamides in common clinical use may 
be capable of producing similar disturbances. Thus, Menten and 
Andersch®® have recently described degenerative and necrotizing lesions 
of the liver in children given A^arious sulfonamides and they have also 
found disturbance in function. . 

In the present experiment, similar results were obtained and le 
sole indication of inflammatory reaction in the liver or spjeen, with iw 
exceptions, is the proliferation and SAvelling of endothelial cells. 
absence of exudative reactions ivas a dominant feature and this ma> 
be related td the associated leukopenia. 

There are indications that the larger areas of necrosis are inlarc ions. 
The association of the necrotic foci Avith A'ascular thrombosis suppor s 
this assumption. The explanation for the thrombotic Auiscular 
sions may be sought in the hemoconcentration incident to shoe le 
attendant increased blood viscosity, the diminished blood floAi, anf 
the consequent increased tendency’' of the blood to clot. 

It appears from the present experimental resultsjthat the hepa ic 
changes exclusiA’e of infarction are to a large extent reA’ersible anc 
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reparable. The administration of liver or “folic acid” concentrate 
and biotin to afflicted animals resulted in the repair of necrotic foci 
and in the return of degenerated hepatic tissue to normal in a consider- 
able proportion of the animals. This is indicated not only by the 
difference in incidence of 'liver lesion in the untreated (A.), as compared 
with the treated (B) group, but also by the fact that 5 rats which 
showed degenerative lesions at laparotomy, exhibited normal livers 
following treatment with “folic acid” concentrate plus biotin. Such 
reparative processes may occur spontaneously, but in a much smaller 
number of animals, provided that thrombotic vascular occlusions have 
not resulted in irreparable damage inconsistent with life. It is worthy 
of emphasis that none of the 5 animals which received liver therapy 
from the beginning of sulfaguanidine administration showed liver lesion. 

The similarity of certain aspects of experimental sulfaguanidine- 
induced hepatic lesions with those encountered clinically with other 
sulfonamides makes it appear probable that their etiologic background 
is identical and that such clinically encountered hepatic lesions may 
be susceptible to liver or “folic acid” concentrate and biotin therapy. 
Since liver therapy is already being employed to combat leukopenia 
incident to sulfonamide administration, the above findings may furnish 
another reasonable basis for employing this corrective therapy. The 
questions of whether or not the prophjdactic administration of liver 
or of “folic acid” concentrate and biotin will lessen the incidence of 
other side eflfects as well, and whether or not such prophylaxis will 
interfere with the effectiveness of the sulfonamides, await future clinical 
investigations. 


The basic cause of focal necrosis of the liver which occurs in typhoid 
fever and occasionally also in other severe infections is not known. It 
is highly probable that there is severe depletion of the tissue vitamins 
in these conditions. It is possible that the focal necrosis of the liver 
in typhoid fever may be caused by infection-induced vitamin depletion 
and that it may be related to that produced experimentally by drug- 
induced vitamin depletion. If this be correct, then the focal hepatic 
necroses secondary to infections may also be susceptible to amelioration 
by the administration of liver or “folic acid” concentrate and biotin. 

The bacterial invasion must be considered an agonal or postmortem 
phenomenon. The absence of tissue reaction to the presence of the 
bactena and the absence of bacteria in any of the animals ivhich did 
not die spontaneously, support this belief. 

There are numerous references in the literature demonstrating the 
protective effects of various dietary constituents upon the toxic mani- 
festatmns of certain drugs. The present study emphasizes again the 
need for careful standardization of tlie diet in drug toxicity studies, 
it IS evident that the relative amounts of various dietary factors mav 
influence strongly the apparent toxicitv of a drug 
The close parallelism between the pkhologic alterations of the liver 
and distiu bailee in bone marrow functions admits of several exmlana- 
ions. It is possible that the liver produces a factor necessary for 
leiikopoiesis. Disturbance m function of the liver cells, which pre- 
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cedes or accompanies morphologic alterations of the liver, may depress 
or inhibit the formation of the leukopoietic hepatic f actor (s) . Another 
possibility, which is perhaps more likely, is that ehronic sulfaguanidine 
poisoning produces disturbances in cellular metabolism which are 
manifested both in the liver and in the bone'’ marrow. 

Whatever the explanation, the administration of liver or “folic acid” 
concentrate and biotin largely corrects the disturbances of cellular 
metabolism in both the liver and bone marrow as is indicated hy the 
high incidence of normal livers and associated hyperplastic bone 
marrow in animals so treated. 

There is at least one type of cellular metabolic disturbance caused 
by the sulfonamides which does not appear to be mediated through a 
vitamin deficiency, and this is hjrperplasia of the thyroid gland. Hyper- 
plasia of the thyroid, observed in the present experiment and previously 
reported by others,® is prevented or cured by the administration of 
thyroid powder or thyroxin.®’^® This is also indicated by the present 
results. Apparently the sulfonamides interfere with the production 
of thyroxin because these animals have a basal metabolic rate below 
normal in spite of the hyperplastic state of the epithelium.®’®® 

The collections of large monocytic cells in the lungs may be regarded 
as an expression of a generalized hyperplasia and mobilization of 
endothelial cells which reaches its highest development in the liver 
and spleen. It is true that subpleural foci of endothelial-like cells 
similar to those found in experimental rats were seen in a number of 
the control animals. However, the incidence and severity of the lesions 
were much greater in the animals which received sulfaguanidine than 
in the controls. The necrotic foci described in human lungs®® secon- 
dary to sulfonamide therapy were not observed in the experiments 
here reported. 

Minute focal myocardial necrosis and focal myocardial cellular 
infiltration incident to sulfonamide administration have been reported 
in man and animals.®^'®® In man the cellular myocardial infifiration 
has been largely eosinophilic.*^ In the present experiments myocardial 
involvement was minimal and no eosinophils were noted. 

With the exception of the basophilic deposits suggestive of calcium 
salts, the changes in ’the kidneys are identical to those previously 
observed with this and other sulfonamides.*’*® The interstitial posi- 
tion of this material, usually in what appears to be a lymphatic space, 
is puzzling and requires further investigation. Randall's theory®® of the 
genesis of renal calculi receives beautiful experimental confirmation in 
the- presence of masses of the basophilic material beneath the surface 
epithelium of the renal papilla. Even more striking and confirmatoiy 
of this theory are papillary masses of this material covered by epithe- 
lium. Some of these papillse are still attached 63^ a narrow pedicle 
to the renal papilla, while’ others lie detached as foreign bodies within 

the renal pelvis. _ . . . 

Conclusions. 1 . Rats maintained on a purified basal diet to which 
has been added 0.5 % or 1 % sulfaguanidine show severe S3Tnptoms and 
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pathologic changes which become maximal after 2 months of drug 
ingestion and terminate fatally in about 90% of the animals. 

2. The drugged animals show deceleration and cessation of growth 
and a debilitated general condition. Terminally shock becomes mani- 
fest. The signs of this condition are apathy, diminution in body 
temperature, flaccidity of skin and muscles, failure of cut veins to 
bleed, and increased viscosity of the blood with increased tendency 
to clot. 

3. The pathologic changes include progressive hypoplasia of the 
bone marrow which may attain the state of aplasia; degenerative and 
necrotizing hepatic lesions; focal necrosis and lymphoid exliaustion of 
the spleen; hyperplasia and mobilization of endothelial cells in the 
liver, spleen and lungs; hyperplasia of the th 3 Toid gland; occasional 
minute foci of myocardial degeneration and necrosis with cellular 
infiltration; urolithiasis with the complications secondarj^ to urinary 
obstruction; and nephrosis. 

4. The administration of liver or “folic acid” concentrate plus 
biotin to animals suffering from the sulfaguanidine effects reduced the 
mortality rate from 90 to 14%. Under the influence of this therapy 
the liver and splenie lesions tended to disappear or to heal and tlie 
bone marrow became hyperplastic. The hyperplastic state of the 
thyroid remained unaffected except by the administration of thyroxin. 

5. The experunentally demonstrated curative action of liver and 
“folic acid” concentrate plus biotin on the toxic sulfaguanidine effects 
suggests the clinical trial of these preparations as prophjdaxis against 
certain of the toxic effects of sulfonamides. Widespread clinical use 
of liver or “folic acid” concentrate in sulfonamide therapy must await 
clinical investigation of the question whether these substances inter- 
fere with the effectiveness of the sulfonamides. 

Wo are indebted to Merck & Co., Inc., for the B vitamins; to tlio Lederle Laboratories, 
Inc., for sulfaguanidine; and to the Wilson Laboratories for solubilized liver. 
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DRUGS USED IN CLINICAL DIAGNOSIS* 

Review op Recent Literature 

The application of drugs in diagnosis constitutes a chapter of con- 
spicuous importance in the evaluation of disease. Although isolated 
instances are encountered earlier, it is for the most part a development of 
the past 25 years. Drugs are used for securing information concerning 
the structure and function of organs and systems. They have been em- 
ployed in the study of disorders of the liver, kidney, heart, circulation, 
central, peripheral and autonomic nervous systems; gastro-intestinal tract, 
blood, endocrine systems and nutrition. They provide means of ascer- 
taining the powers of absorption, fixation, secretion, excretion and the 
metabolic state of tissues and organs. The object of the present paper 
is to review some of the enterprise in this field, more especially those 
phases which have received particular attention in the past few years. 

Bromsulphalein. The dye, phenoltetrabromphthalein sodium sulpho- 
nate, was introduced as a test of liver function in 1925 (Rosenthal and 
White^“^). The test depends on the fact that the compound is almost 
entirely excreted by the liver into the bile in normal individuals and that 
in liver dysfunction there is delay in its removal. The principle of the 
technique involves determining the amount present in the blood at inter- 
vals following its intravenous injection. The technique appears to test 
the capacity of the reticulo-endothelial system (chiefly the Kupffer cells) 
to remove this foreign substance from the blood stream rather than the 
capacity of the liver cells to excrete it in the bile. The two functions can 
be readily separated in the dog (Mills and Dragstedt"^), and in man 
(Cantarow and Wirts;^® Wirts and Cantarow^®'). The removal from the 
blood stream takes place rapidly, 85 to 95 % in 5 minutes, while the excre- 
tion in the bile is a matter of several hours. Furthermore, in early bile 
stasis due to obstruction of the common duct, the excretion of the dve 

* From Department of Pharmacology of Cornell University Medical College. 
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into the bile may be delayed while the other function, namely, its removal 
from the blood stream, may still proceed at the normal speedd®^ 

There seems to be some doubt concerning the relationship between the 
blood retention of the dye and the histologic changes in the liver. There 
is one report which states that abnormal retention is always associated 
with structural change in the liver as shown by sections of the human liver, 
although normal retention does not exclude such changes (Bauman and 
Orr^^). _ There is another, however, which states that histologic changes 
in the liver are not always found to account for the abnormal dye retention 
(Kruger and Gerber®®). 

In the original test, a dose of 2 mg. per Kg. was injected intravenously 
and a sample of blood was taken in 30 minutes. The normal standard 
was complete clearance at this time,*®- the presence of more than traces of 
the dye in the blood iieing taken as abnormal. Various modifications 
have been explored witli the view of increasing the sensitiveness of the 
method. The do.se of the drug has been increased, and various plans for 
testing the blood have been suggested involving one or more samples at 
intervals varying from 5 to 60 minutes. There remains a great deal of 
uncertainty in the results of these studies especiallj'^ because in the case of 
every modification there is need to revise the standard normal values 
■which are often allowed to rest on an insufficient number of cases. There 
is the suggestion of increasing the dose to 5 mg. and determining the curve 
of dye concentration by blood samples taken at intervals of 5 minutes 
(MacDonald®®). The value of this type of curve is in need of further 
studj\ The test appears to be more sensitive than the original when 
made wdth two blood samples, one at 5 and the other at 15 minutes, the 
first never showing more than 60 % and the second rarely more than 5 % 
retention in normal people (Deutech®®). There is the indication from 
comparisons in the same patients that the 5 mg. dose is more apt to detect 
abnormal liver function than the 2 mg. dose. The larger dose was used 
with a single specimen of blood tested at 30 minutes (Helm and Machella®®), 
and the assumption was made that the 5 mg. dose of dye disappears from 
the blood completely in 30 minutes. It was subsequently shown, however, 
that with this dose about one-fourth of young normal controls retain some 
dye after 30 minutes, although all show complete disappearance in 45 min- 
utes (Mateer ct 

There is a fairly large literature on the application of bromsulphalein 
as a test of liver function in various diseases. It has been extended in 
the past few years. In the test using 5 mg. and 5, 15 and 30 minute blood 
samples, liver function has been found abnormal in heart failure (Bernstein 
ct ai.*®) although it is to be noted that the test may prove misleading in 
heart failure because of incomplete mixing of the dye in 15 minutes.®® 
Patients with clrronic pulmonary tuberculosis frequently show abnormal 
dye clearance (5 mg. dose, 15 and 30 minute intervals) and the incidence 
rises abruptly in those with amyloid disease.®® A high incidence of abnor- 
mal liver function has been found in a wide variety of cases of low-grade 
chronic illness (Stiles ct of.**®). These matters are in need of further 
study because the method used assumed complete clearance of the 5 mg. 
dose in 25 minutes and others have sho'wn that many normals take longer 
to clear this dose completely. 

Benzoic Acid. The use of sodium benzoate as a means of testing liver 
function was introduced in 1933 by Quick. It is based on the fact that 
in man the liver combines glycine "with benzoic acid to form hippuric acid 
which is then excreted in the urine (Quick®®-®*). Various factors involved 
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in the interpretation of the test have been studied in recent years. In 
the way in which the test is applied, one determines the amount of hippuric 
acid recovered in the urine after a dose of benzoic acid. Since the body 
does not store glycine (Quick*®), the amount of hippuric acid recovered 
tests not only the capacity to conjugate benzoic acid with glycine, but 
the power of glycine synthesis.*® The capacity to synthesize hippuric acid 
from benzoic acid is limited by the available glycine.®® In healthy indi- 
viduals about 1.5 gm. is the maximum amount of sodium benzoate which 
the liver can convert into hippuric acid per hour. This peak production is 
obtained by a dose of 4 gm. of sodium benzoate and cannot be raised by 
increasing this dose (Probstein and Londe*®). The simultaneous administra- 
tion of glycine may greatly increase the hippuric acid excretion (Probstein 
and Londe;*® Quick, Ottenstein and Weltchek®*). In view of these facts re- 
duced excretion of hippuric acid after giving benzoic acid may represent 
either reduced synthesis of glycine or reduced conjugation of hippuric acid. 
The two functions may be distinguished (Probstein and Londe;*' Grana 
and Vizca®®) . In one study®* there were 30 patients in whom, after a dose 
of sodium benzoate, the hippuric acid excretion was less than normal. 
In most of these the chief difficulty seemed to lie in diminished power to 
synthesize glycine because the simultaneous administration of glycine 
raised the hippuric acid recovery. In a smaller number the chief diffi- 
culty lay in impaired power to combine glycine with benzoic acid since 
the simultaneous administration of glycine and benzoic acid did not 
enhance the recovery of hippuric acid. The use of the hippuric acid test 
for liver function would be invalid if renal excretion of hippuric acid were 
slower than the rate of its production. It has been found, however, that 
the renal excretion of hippuric acid proceeds at a rate about 2.5 times 
that of its synthesis (Schwei and Quick*®®). Since excretion may be 
diminished in renal disease, the value of the test for liver function may be 
enhanced by a determination of the rate of excretion of injected hippuric 
acid (normals, about 3.5 gm. per hour). There are conflicting opinions 
concerning the question whether the volume of urine affects the excretion 
of hippuric acid, one study failing to find any relation,*® while in another 
the results indicate a direct relationship (Machella, Helm and Chornock®*). 
The role of body weight among adults is also undecided, a correlation having 
been found by one group (Hepler and Gurley**) and denied by another.®^ 
A more recent study of the intravenous test has again affirmed a decided 
influence of the body size on the amount of hippuric acid recovered after 
the standard dose in subjects without liver disease (Scurry and Field*®*). 

The original hippuric acid test involved the administration of 6 gm. of 
sodium benzoate orally and the recovery of the hippuric acid excreted in 
the ensuing 4 hours in the urine by precipitating and weighing the crystals.®® 
Analytical modifications have been introduced. The solubility of hip- 
puric acid in urine is reduced to one-fifth when the urine is saturated with 
sodium chloride (Weichselbaum and Probstein*®*). The addition of 
ammonium sulfate for that purpose seems to be more satisfactory, the 
loss from dissolved hippuric acid being fairlj”- constant at about 0.1 gm. 
per 100 cc. of urine (Marron®*). 

It has been suggested that an oral dose of 4 gm. is more satisfactory 
because it suffices to tax the capacity of the liver fully and has a lesser 
tendency to cause vomiting than the 6 gm. dose.*® A dose of 3 gm. is 
sufficient for children weighing under 40 kg. (Londe and Probstein®*). 
The standard result for normal individuals is the recovery of 3 to 3.5 gm. 
of benzoic acid as hippuric acid in the urine in 4 hours after an oral dose of 
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4 or 6 gm. of benzoic acid,®'®® or the recoveiy of 2 gm. or more in 2 hours 
after the 4 gm. dose.®® 

An intravenous test has also been devised®® (Lipschutz®®). In the one 
most commonly used,®® 1.77 gm. of sodium benzoate (1.5 gm. benzoic acid) 
are injected intravenously in 20 cc. of water. In normal indmduals 
about 50% (0.7 to 0.95 gm.) is recovered in the urine in the form of hip- 
puric acid in 1 hour by the precipitation method. It has been suggested 
that an ether extraet and formol titration method is less likely to yield 
falsely high values (Moser, Rosenak and Hasterlik®®). An intravenous 
method avoids disturbance of digestion and takes less time to complete. 

The intravenous hippuric acid test is abnormal in many diseases (Bar- 
tels®®): hyperthyroidism, primary liver disease and chronic infectious 
artln-itis. The fact that it is normal in severe muscular dystrophy sug- 
gests that muscle plays little or no part in the conjugation of glycine with 
benzoic acid. The oral test shows the liver function impaired in abdominal 
operations and after ethylene, ether and spinal anesthesias (Boyce®®). 
There is impaired liver function not only in primary hepatic disease but 
in mechanical jaundice and cardiac failure (Lindboom®®). Psychoses are 
frequently associated with impaired synthesis of hippuric acid, especially 
marked in catatonia, these cases showing a rise of synthesis after improve- 
ment by treatment (Quastel and Wales®®). There is some indication that 
the capacity of the liver to conjugate hippuric acid is related to the severity 
of hyperthyroidism although the test is not of much value in the manage- 
ment of the disease (Haines, Magath and Power®®). While there may be 
some correlation between plasma prothrombin and the hippuric acid 
excretion, the relationship disappears after treatment vdth vitamin K, 
indicating that the two functions are independent (ICark et ah'*®). The 
low hippuric acid values in the test after operation may be due to the 
diminution in the available carbohydrate (Campbell®®) since glucose 
administration tends to restore them to normal. In menstruation there is 
impaired liver function Avhich may be related to the disturbed water 
balance during this period (Heilig and Kantiengar®®). The test also gives 
loAV values during pregnancy, especially low in tqxemia (Nemveiler;’®®’®® 
Hirsheimer;®® Palmer®®). 

Patients with 50 % reduction in the hippuric acid excretion by this test 
are poor surgical risks.®® While there is some difference of opinion con- 
cerning the value of the test in differential diagnosis of hepatic disease and 
jaundice (Rennie®®), a normal hippuric acid recovery in the presence of 
jaundice suggests biliary obstruction and a low recovery points to toxic 
hepatitis.®® This test is more sensitive than bromsulphalein. It has 
been suggested that it may be too sensitive for praetical purposes and that 
the normal values for the middle and later decades should be lowered 
(Paulson and Wyler®®). 

Galactose. The use of galactose for the testing of liver function was 
introduced in 1906 (Bauer®®). It is based on the fact that this sugar is 
metabolized exclusively by the liver and independently of insulin (Shay'', 
Schloss and Bell®®®). It is converted into gly''cogen with greater difficulty 
than other sugars (Cori®®) and hence is better suited as a test of liver func- 
tion. Animal experiments show that the liver, and not muscle, converts 
galactose into glycogen (Uexkull®'®). It is belieA'ed to be superior o 
levulose or glucose tolerance tests for hepatic function, because tissues 
other than the liver playj^ a large part in the metabolism of the latter tv o. 
The test is carried out in various ways, embodjdng the administration o 
the galactose orally or intravenously, and testing either the blood or t le 
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urine after an interval for its content of galactose. In tlie method of oral 
administration and urine testing the subject with an empty stomach may 
receive 40 gm. of galactose in a liter of water. The urine may be collected 
at intervals of 30 minutes for 4 hours. Tv'o normal values may be ob- 
tained under these conditions; less than 3 gm. recovered in the urine and 
the period for this excretion no longer than 2 hours (Krdnicke^®). The 
40 gm. dose is slightly above the maximum which the normal man can 
metabolized^ (MacLagan®^). A maximum strain is therefore put on the 
liver. A modification in the analytic technique limiting the period of 
fermentation of the urine to 60 minutes increases the accuracy of the 
galactose recoveries (Lichtman^d). Others give 40 gm. orally in as little 
as 250 cc. of water and test the blood for galactose at intervals of 30 min- 
utes for 2 hours®d or the same dose in 400 cc. and test the blood after 
intervals of 30 and 60 minutes (Althausen, Lockhart and Soley^). In 
normal individuals, after an oral dose of 40 gm., the range of blood con- 
centration is between 10 and 30 mg. per 100 cc., values above 40 and 
below 10 being considered abnormal (Meranze, Likoff and Schneebergd^), 
In one study the normal peak values were fomrd to be higher, between 
63 and 81 mg. per 100 cc.,®^ the blood samples having been taken at 30 min- 
ute intervals for 2 hours. 

Because of variable absorption there is some question of the reliability 
of the oral test and intravenous galactose tests have been devised. In 
one method (Bassett, Althausen and Coltrin’^’-), 1 cc. of 50% galactose 
solution per kg. is injected intravenously in 5 minutes and the blood is 
tested 75 minutes later. In this period normal persons clear the blood 
completely, while patients with hepatitis retain an average of 45 mg. per 
100 cc. and those with obstruction 14 mg. per 100 cc. 

The galactose tolerance test is used as a means of revealing hepatic 
dysfunction in various conditions; cirrhosis of the liver, rheumatoid 
arthritis, surgical operations and pneumonia, and it serves in the differen- 
tial diagnosis of toxic from obstructive jaundice,®^ Abnormality by this 
test does not run parallel with the results from other tests such as the 
bromsulphalein or oral hippmic acid tests.’^ 

The test has received special attention in hyperthyroidism (MacLagan 
ct aU^) and it has been considered of comparable reliability with the 
metabolic rate in thyroid diagnosis.^ Impaired liver function may be 
demonstrated in from 45 to 90% of all cases of hyperthyroidism by the 
various liver function tests, but the galactose test seems to be more 
uniformly correlated with clinical signs of severity, namely, basal meta- 
bolic rate, weight loss, and duration of the disease (Lichtman®^). Some 
have failed to observe correlation of the test with basal metabolic rate.'* 
The galactose retention (oral dose and blood testing) has been found 
abnormally high in 95 % of cases of hyperthyroidism and abnormally low 
in about 90 % of cases of myxedema.^ It is suggested that rapid absorp- 
tion in hyperthsuoidism and slow absorption in myxedema due to altered 
speed of phosphorylation in the intestinal mucosa may be responsible for 
the abnormal values,^ although others believe that while the test is an 
important adjunct to the diagnosis of hyperthjToidism and that this 
disease rarely exists with a normal galactose tolerance, neither impaired 
liver function nor altered gastro-intestinal absorption are sufficient to 
explain fully the mechanism of the change in disorders of the thjToid.’® 
The evidence seems to favor increased rate of intestinal absorption rather 
than liver damage as the cause of the abnormal galactose tolerance in 
IiyperthjToidism, since in these cases the intravenous test may be normal 
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when the oral test is grossly abnormal (Barnes and King®). Galactose 
tolerance is abnormal in upper respiratory infections, malignant disease, 
Bright’s disease, and in those who have recently received sulfonamide 
therapy, but the impairment is most marked in thyrotoxicosis (Rosen- 
krantz, Bruger and Lockharti®^). Several of the most recent papers again 
stress the importance of the galactose tolerance test in hyperthyroidism. 
It may be used as a diagnostic test (Wilson^®®) in masked thyrotoxicosis, 
■in thyrotoxicosis after iodine treatment, and in cases in which the basal 
metabolic rate cannot be accurately determined. A normal galactose 
tolerance helps to exclude hyperthyroidism in patients with elevated 
metabolism due to other causes; it is more reliable when used in this way 
because impaired tolerance occurs in a wide variety of disorders. An 
increased galactose retention as a test for hjT)erthyroidism is unreliable 
in the presence of complicating conditions such as have already been 
mentioned as well as in peptic ulcer, hepatic insufficiency and Paget’s 
disease (Schneeberg, Likoff and Meranze'®“). 

Bilirubin. The injection of bilirubin as a means of testing hepatic 
function was introduced in 1927 (Von Bergmann;^®^ Eilbott^). The test 
was developed in this country by Harrop and Barron.®^ Evidence is 
fairly strong that the injected bilirubin is not stored but excreted by the 
liver. Numerous studies have been made which indicate the value of this 
test as a measure of the excretory function of the liver (Soffer”®). In the 
conventional method, a dose of bilirubin, 1 or 1.5 mg. per kg., is injected 
intravenously and the amount remaining in the blood in 4 liours is used as 
an index of liver function. In many normal people the blood is completely 
cleared in 4 hours. Some consider excretion impaired if the retention 
exceeds 5% (Soffer and Paulson''^), while others accept a retention of 
15% or less as normal (Kornberg*®). A formula has been suggested for 
calculation which takes into account the fact that the speed of clearance 
varies with the concentration of bilirubin in the blood, and expresses the 
result as a “velocity constant of excretion,” a method which appears to 
be especially important for cases with elevated basal concentrations of 
bilirubin (Weech, Vann and Grille'®®). This test of liver function seeins 
to be very sensitive. It Avas found to be more sensitive than the metabolic 
tests such as that using galactose or benzoic acid and gave approximately 
the same number of positive results as the bromsulphalein test in one 
group of diseases of the liver (White, Deutsch and Maddock'®®). Others 
have found it even more sensitive, and impaired liver function was found 
by this test to exist months after recoA'^ery from catarrhal jaundice at a 
time when the bromsulphalein excretion test Avas normal.®® 

Tyrosine. The fact long knoAvn that there is increased tyrosine in the 
urine in liA’^er disease (Lichtman®®) has been made the basis of a^ liA^er 
function test (Bernhart and Schneider'®). A dose of 4 gm. of tyrosine in 
a solution of 250 cc. containing 5 gm. of casein is giA^en orally after an over- 
night fast and samples of blood are tested for tyrosine 1, 2 and 3 hours 
later. In normal fasting blood the tyrosyl content is equiA'alent to from 
1 to 1.8 mg. of tyrosine per 100 cc. of blood, and rises during the test to 
5.4 mg. after 1 hour, falling off in the subsequent 2 hours. In liAmr disease, 
it may rise to high leAmls, 15 mg. in the first hour, and remain high for 
seAmral hours. The test, in some eases of hepatic cirrhosis, is more sensi- 
tiAm than bromsulphalein and other common liAmr function tests. Whether 
the test relates to a metabolic or excretory function of the liAmr is not yet 
established, 
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Amino Acids. In impairment of the liver function in the dog, there is 
retention of plasma amino acids after the intravenous injection of casein 
hydrolysate, and this appears to represent a delay in the function of 
deamination (Goettsclp Lyttle, Grim and Dunbar”®). It has also been 
shown (Lyttle, Goettsch, Greeley, Grim and Dunbar“) that in children 
with portal cirrhosis similar plasma retention of injected amino acids 
takes place. Such retention does not occur in nephrosis or in severe 
kidney disease with impaired renal function. The injected amino acids 
do not reduce the capacity of the kidney for excretion of the end-products 
of metabolism of the amino acids, since the urea clearance remains nor- 
mal; also there is no significant effect on amino acid clearance. In normal 
children the pre-injection amino acid nitrogen in the plasma ranges from 
2.92 to 4.63 mg. per 100 cc., and after an intravenous injection of casein 
hydrolysate in a dose of 12 mg. of amino acid nitrogen per kg., the normal 
level is restored in 35 to 95 minutes due to diffusion into the tissues and 
deamination by the liver. In patients with liver disease there is delay in 
clearing the plasma of amino acids and there is failure of the normal 
increase in urinary urea and ammonia excretion following the injection. 
The injection of amino acids, therefore, seems to provide a method for 
evaluating the deaminizing capacity of the liver. From a previous study 
(Stewart and Rourke”^) the conclusion was drawn that in patients with 
advanced liver disease the non-protein nitrogen level of the plasma returns 
to the pre-injection value in a manner similar to that of normals after 
an intravenous injection of a solution of amino acids. These experiments, 
however, were not so performed as to reveal the delay in the decline of 
the curve, which appears to be in evidence during the period of the first 
1| hours. 

Azorubin-S. This material was first put to use in a test of liver function 
in 1924 (Tada and Nakashima”’). It is a dark red water-soluble dye, 
which is non-toxic in the necessary doses. It is excreted by the liver to 
the extent of 95%. A dose of 4 cc. of a 1% solution is injected intra- 
venously, and 5 minutes later 40 cc. of a 25% solution of magnesium 
sulfate is given through a duodenal tube. Samples of duodenal contents 
are then collected at 1 to 2 minute intervals. In normals the dye appears 
in 15 to 30 minutes. Its appearance is delayed in diseases of the liver. 
The value of this test is confirmed in many studies. It is one of the few 
dye methods which directly tests the excretory function of the liver, 
since the method requires its recovery from the duodenum rather than 
its disappearance from the blood as in the case of bilirubin or bromsulph- 
alein. In a group of cases of cirrhosis of the liver, this test was found as 
reliable as the bromsulphalein and more often positive than the hippuric 
acid test, and in early chronic hepatitis it rvas found more often abnormal 
than either of the other two (Rosenberg and Soskin^®^). 

Vitamin K. The utilization of vitamin K in the formation of prothrom- 
bin is a function of the liver (Andrus, Lord and Moore Lord, Andrus and 
Moore®®). In the absence of bile in the intestine (biliary obstruction) 
blood prothrombin falls because of the failure of vitamin K absorption. 
In hepatic disease blood prothrombin may fall because of diminished 
capacity of the liver to synthesize prothrombin. In both conditions 
jaundice may occur. The administration of vitamin K with bile salts 
causes dramatic improvement in the blood prothrombin in obstructive 
jaundice (Stewart, Rourke and Allen“‘‘). Synthetic vitamin K given 
intramuscularly is similarly effective (Macfie, Bacharach and Chance®). 
This has been confirmed by many (Scanlon et Stewart and Rourke 
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Olson and MenzeP®). On the other hand, hypoprothrombinemia due to 
liver disease shows little or no response to vitamin K (Allen and Julian;^ 
Wilson Kark and Souter;^^ Smith and Owen;^*’® Lucia and Aggeler®^). 
There is some response to vitamin K if the liver damage is not severe 
(Rhoads®’). The response to vitamin K has been suggested as an aid in 
differentiation of intra- and extrahepatic jaundice (Lord and Andrus®®). 
An intramuscular injection of 2 mg. of menadione was found to raise the 
plasma thrombin 10 % or more in 24 hours in patients with extrahepatic 
jaundice. Several workers have utilized the response to vitamin K as a 
means of distinguishing surgical jaundice from severe damage of the liver 
(Olwin;®® Abbott and Holden;’ Allen and Julian®). A patient with jaun- 
dice who fails to respond to intravenous menadione, 2 mg,, repeated in 
24 hours, with a considerable increase in the blood prothrombin is not 
subjected to operation, bn the basis that it is in all probability not due to 
obstruction, but to acute yellow atrophy.®’ The differential response to 
vitamin K is not absolute and cases of severe jaundice due to parenchy- 
matous liver disease have been encountered which showed good response 
to vitamin K (White, Deutsch and Maddock’®®). There are many eases 
of obstructive jaundice in which the extrahepatic disease is complicated 
by parenchymatous liver disease and in such cases subnormal response to 
vitamin K occurs (Greene and Bruger®“). These factors limit the decisive- 
ness of the test in differential diagnosis of jaundice. Various degrees and 
types of response to vitamin K have been suggested as means of testing 
the degree of impairment of liver function (Kark, Souter and Deutsch;^® 
Kark and Souter^). Failure to obtain response to vitamin K may be 
assumed to represent impaired liver function (Owen;®® Ziffren, Owen, 
Warner and Peterson’®®). Additional information may be secured from 
the vitamin K response;’®® The prothrombin may rise rapidly in obstruc- 
tive jaundice arrd in healing acute hepatitis, as distinguished from chronic 
hepatitis; the damage is widespread and irreversible in acute hepatitis if 
prothrombin continues to fall in the face of an adequate supply of vita- 
min K. 

Multiple Agents in Test of Liver Function. In the past few years 
numerous studies have been published in which several drug liver func- 
tion tests were tried in groups of patients with primary liver diseases 
as well as other conditions in the endeavor to explore their relative sen- 
sitiveness and to define better the special uses and applications of the 
several tests s.e, 8.19,22, 26, 32, 37,41,46,47, to. 71, 73.74, 92. 84 , 96 , 98.100,112, ns, 120,128 chief 

agents represented were benzoic acid, bromsulphalein, galactose, azorubin- 
S, bilirubin and vitamin K. There have been some comparisons with 
tests which do not require the administration of an agent such as deter- 
mination of urinary bilirubin, urinary urobilinogen, cholesterol partition, 
blood phosphatase, icteric index. Van den Bergh reaction. Hanger’s 
lin flocculation test, the Takata-Ara test and others. Opinions which 
issue from these studies bear on such matters as the effect of age on hver 
function, the behavior of the liver in various acute and chronic infections, 
hepatic function in malignant metastasis to the liver, in hyperthyroidism, 
blood diseases, alcoholism, amyloidosis, heart disease, the use of the tests 
in preoperative management, as a guide to effectiveness of treatment, and 
to prognosis, and the differential diagnosis between intra- and extra- 
hepatic jaundice. AVith respect to many details there is want of agree- 
ment arising in part from the differences in technique, limited number 0 
cases in the various groups, and variations in the types of cases studied. 
Opinions concerning the practical usefulness of liver function tests vary 
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all the way from those workers who place great reliance on them, to those 
who' find them oi little value as a guide either to diagnosis, prognosis or 
treatment. There is a tendency to ignore the results if they are out of 
line with the clinical aspects of the case. The sensitiveness of the various 
tests is ranked differently by different workers. For example, some find 
the bromsulphalein more sensitive than the hippuric acid test, others find 
the reverse. Some find the galactose test uniformly successful in differ- 
entiating intra- from extrahepatic jaundice; others find it of little value. 

It may be well, however, to bring together some of the more important 
generalizations which seem to be fairly well established by the cumulative 
experience Avith these tests in recent years. There seems to be little 
doubt that with due regard for their limitations, the drug tests for hepatic 
dysfunction often supply important practical information. The liver 
has many functions and each of the methods tests a different function. 
The bromsulphalein test probes the capacity of the reticulo-endothelial 
system to fix a foreign dye. The bilirubin test probes the capacity of the 
liver cells to excrete into the bile a normal constituent of the blood; and 
the azorubin-S test, its capacity to excrete a foreign dye into the bile. 
The hippuric acid test measures an enzymatic system, the detoxifying 
power of the liver in the synthesis of glycine and its conjugation with 
benzoic acid to form hippuric acid. The galactose tolerance tests the 
glycogenic activity of the liver. Amino acid tests the deaminizing power 
of the liver. The results of the various tests do not run parallel. In far- 
advanced liver disease all liver function tests are abnormal, but in lesser 
degrees of liver damage, impairment is selective and the functional state 
of the liver is better ascertained from a combination of several liver func- 
tion tests. Most studies show that in liver disorders impaired glycogenic 
function as shown by the capacity to metabolize galactose usually comes 
later than impaired clearance of bromsulphalein, excretion of azorubin-S 
or bilirubin and synthesis of hippuric acid. 

Because these tests are usually designed to throw a maximum load on 
a liver function, they reveal impaired capacity long before performance 
has declined sufficiently to produce clinical signs and symptoms. In this 
way it has become evident that in many diseases, infections and nutritional 
states, liver function falls off and may play a subtle r6Ie in the outlook. 
It has been particularly stressed in Graves’ disease and in surgical opera- 
tions. This is especially significant since it has been found that hepatic 
function, as revealed clinically and by these tests, may be improved by 
the administration of glucose and other measures. In general, a normal 
liver function test is more significant than an abnormal one in a case of 
suspected liver damage since serious liver damage is not likely to exist in 
the presence of a normal behavior of these agents in the body. . In their 
application to the differential diagnosis of obstructive and hepatogenous 
jaundice, the value of the results depends on whether or not the liver is 
damaged in biliary obstruction. Since the liver is frequently injured in 
obstructive jaundice, especially when of several weeks duration, the tests 
are not very helpful except udthin strict limitations. Under these condi- 
tions the finding of normal liver function by these tests is strongly diag- 
nostic of obstructive jaundice. The response of subnormal plasma pro- 
thrombin to vitamin K seems to be especially informative in this prob- 
lem, good response favoring obstruction, poor response hepatitis, and 
normal response in long-standing biliary jaundice being diagnostic of 
obstruction. In Graves’ disease, although other liAmr function tests may 
also be abnormal, the eAudence is fairly strong that the galactose tolerance 
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test is here best adapted to the diagnostic problems, a normal response 
again being more significant, virtually ruling out hyperthyroidism in a 
suspected case. 

Dextrose. There is an extensive literature on the use of dextrose in 
diagnostic tests for disorders of carbohydrate metabolism and some on 
its application to tests of liver function. There have been numerous 
variations of the techniques for loading the mechanisms concerned with 
the metabolism of this sugar in the endeavor to simplify the procedure and 
render the results more informative and reliable. In the past few years 
studies have been published using the dextrose tolerance test to explore 
disorders of carbohydrate metabolism in various diseases and some of 
these will be briefly reviewed. 

In a modification of the 2-dose glucose tolerance test of Exton and 
Rose, it was found that the most important information is to be obtained 
from the l-hour blood sample for the diagnosis of diabetes, and from the 
2-hour sample for differentiating degrees of severity (Waj'burn and 
Gray^^-). The 2-dose 1-hour glucose tolerance test often gives results 
which are in disagreement with the 1-dose method, and the authors in 
one comparative study conclude that the latter is a more reliable index of 
diabetes (Langner and Dewees®^). Patients with a diagnosis of non- 
diabetic glycosuria, based on a single glucose tolerance test, seem to show 
a higher than expected incidence of diabetes when reexamined several 
years later, signifying the danger of allowing a final decision to rest on a 
single glucose tolerance test, especially when the results are borderline 
(Dewees and Langner-'*). A new intravenous glucose tolerance test has 
been developed for distinguishing between benign glycosuria and diabetes 
mellitus (Lozner, Winkler, Taylor and Peters®"). After an intravenous 
injection of 25 gm. of glucose, a blood sugar level which is greater than 
120 mg. per 100 cc. after 2 hours indicates diabetes mellitus, while one 
less than 100 mg. fairly reliably excludes it. An abnormal oral dextrose 
tolerance test has often been found in patients with mental disorders. 
In a comparison of the oral with the intravenous glucose tolerance test in 
patients with manic-depressive psychosis, the results indicate that the 
abnormal oral test may be a consequence of delayed absorption, since 
the intravenous test was normal (Gildea, McLean and Man"')- The 
impaired glucose tolerance which is present in patients with pituitary, 
adrenal, or thyroid disease appears to be related to the fat and carbohy- 
drate content of the diet, and can be altered toward normal by high 
carbohydrate in the diet. A dextrose tolerance test after a period of high 
carbohydrate feeding is suggested as particularly important as a means 
of ascertaining the most favorable period for operation in hyperthyroidism 
(Greene and Swanson®^). Marked deviations of the dextrose tolerance 
tests from the normal are seen in cases of severe burns suggesting, among 
other things, impaired glycogenic function of the liver (Wolff, Elkinton 
and Rhoads*""). Other liver function tests are also abnormal in severe 
burns. Marginal malnutrition gives rise to a diabetic-like glucose toler- 
ance test and the diagnosis of diabetes should be deferred in such cases 
until it is found that the curve fails to return to normal following a period 
of adequate diet (Robinson, Shelton and Smith""). It has been generally 
taken for granted that the glycosuria and delayed utilization of glucose 
which occur in obesity represent mild forms of diabetes (John*"). This 
has been questioned in a study in which it was found that 77 % of adult 
obese hyperglycemic patients showed a return of the glucose tolerance to 
normal after adequate reduction of body "weight (Newburgh""). The sug- 
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gestion is made that obesity impairs the utilization of glucose in a manner 
that is independent of any disorder of the insulin mechanism. 

The r61e of the liver in carbohydrate metabolism is well known and the 
fact that in severe liver disease there is hypoglycemia is established, 
■^hile galactose is now usually employed for testing the glycogenic func- 
tion of the liver, there are many cases of liver disease in which this test 
has been found normal, but the glucose tolerance test abnormal (Coller 
and Jackson^®). A fairly characteristic curve was found in liver disease: 
normal or low fasting blood sugar, rise above normal in first and second 
hours, and fall to hypoglycemic levels during the third, fourth and fifth 
hour. There is the belief that both hyper- and hypoglycemia may at 
times have their origin in a disturbed glycogenic function of the liver, 
and that hypoglycemia is frequently a surgical problem, arising from 
damage to. the liver from cholecystitis or. cholelithiasis. This may be 
recognized by the glucose tolerance curve. Others deny the usefulness 
of the test. In children with catarrhal jaundice, no correlation was 
observed between the type of curve and other tests of hepatic dysfunction 
(Pachman®®). The glucose tolerance curve showed alterations in form and 
height, and time to return to normal level in patients with gross liver 
disease, but the results were not sufficiently characteristic or uniform to 
serve as a basis for the recognition of impaired liver function (Wilson^^’').* 


REFERENCES 

(1.) Abbott, W. E., and Holden, W. D.: Arch. Surg., 45, 261, 1942. (2.) Allen, J. G., 

and Julian, O. C.; Arch. Surg., 45, 691, 1942. (3.) Allen, J. G., and Julian, O. C.; Arch. 

Surg., 41, 1363, 1940. (4.) Althausen, T. L., Lockhart, J. C., and Soley, M. H.: Am. 
J. Med. Sci., 199, 342, 1940. (5.) Andrus, W. DeW., and Lord, J. W.'. Surgery, 12, 801. 
1942. (6.) Andrus, W. DeW., Lord, J. W., and Lake, M.: Ann. Surg., 116, 1016, 1942. 
(7.) Andrus, W. DeW., Lord, J. W., and Moore, R. A.: Surgery, 6, 899, 1939. 

(8.) Barker, W. H.; Arch. Int. Med., 62, 222, 1938. (9.) Barnes, C. G., and King, 

E. J.: Quart. J. Med., 12, 129, 1943. (10.) Bartels, E. C.: J. Lab. and Clin. Med., 26, 
1330, 1941. (11.) Bassett, A. M., Althausen, T. L., and Coltrin, G.: Proc. Soc. Exp. 
Biol, and Med., 45, 405, 1940. (12.) Bauer, R.t Wien, med.' Wchnschr., 56, 2537, 1906. 
(13.) Bauman, L., and Orr, L.; New York State J. Med., 38, 1161, 1938. (14.) Bern- 
hart, F. W., and Schneider, R. W.: Am. J. Med. Sci., 205, 636, 1943. (15.) Bernstein, 
M., Le Winn, E. B., and Simkins, S.: J. Lab. and Clin. Med., 28, 1, 1942. (16.) Boyce 

F. H.: Ann. Surg., 109, 351, 1939. 

(17.) Campbell, D. A. : Surgery, 11, 195, 1942. (18.) Cantarow, A., and Wirts, C, W.: 
Proc. Soc. Exp. Biol, and Med., 47, 252, 1941. (19.) Chavez, I., Sepulveda, B., and 

Ortega, I. A.: J. Am. Med. Assn., 121, 1276, 1943. (20.) Coller, F. A., and Jackson 

H. C.: J. Am. Med. Assn., 112, 128, 1939. (21.) Cori, C. F.: Proc. Soc. Exp. Biol and 

Med., 23, 459, 1925. 

(22.) DeLor, C. J., and Reinhart, H. L.: Am. J. Clin. Path., 10, 617, 1940. (23.) 
Deutsch, E. : New England J. Med., 225, 171, 1941. (24.) Dewees, E. J., and Lanener 

P. H.; Am. J. Med Sci., 204, 491, 1942. ® ’ 

(25.) Eilbott, W. : Ztschr. f. klin. Med., 106, 529, 1927. 

(26.) Gates, H. B.: Arch. Int. Med., 67, 383, 1941. (27.) Gildea, E, F., McLean 
V. L., and Man, E. B.; Arch. Neurol, and Psychiat., 49, 852, 1943. (28.) Goettsch E ’ 

Lyttle, J. D., Grim, W. M., and Dunbar, P.: J. Biol. Chem., 144, 121, 1942. (29.) 

Grafii, A., and Vizca, P.: Arch. urug. do med., cir. y especialid., 21, 48* 1942 (30 ) 

Greene, C. H., and Bruger, M. ; New York State J. Med,, 43, 318, 1943. '{SI.} Greene 
J. A., and Swanson, L. W.: J. Lab, and Clin. Med., 26, 360, 1940. (32.) Gutman A B ’ 
and Hanger, F. M.: Med. Clin. North America, 26, 837, 1941. ’ ' ’’ 

(33.) Haines, S. F., Magath, T. B., and Power, M. H.: Ann. Int. Med 14 1225 
1941. (34.) Harrop, 6. A., and Barron, E. 5. G.: J. Clin. Invest., 9, 577, 1931 ’ (35 i 
Heilig, R., and Kantiengar, N. L.: Ann. Int. Med., 16, 538, 1942. (36.) Helm’ J d' 
and Machella, T. E.: Am. J. Digest. Dis., 9, 141, 1942. (37.) Henderson M ’and 

Splatt, B.: Med. J. Australia, 29(1), 185, 1942. (38.) Hepler, O. E., and Gurley, H.1 

* Part 2 of this review will be published in the May Number 

The author is indebted to Miss Rebecca Tatham for assistance in the preparation 
of this review. * 



672 


PEOGRESS OF MEDICAL SCIENCE 


J. Lab. and Clin. Med., 27, 1593, 1942. (39.) Hirsheimer, A. : Am. J. Obst. and Gynec., 

37, 363, 1939. 

(40.) John, H. J. : South. Med J., 36, 624, 1943. (41.) Jones, C. A., and Rome, 

H. P.: Am. J. Clin. Path., 9, 421, 1939. 

(42.) Kark, R., White, F. W., Souter, A. W., and Deutsch, E.: Proc. Soc. Exp. Biol, 
and Med., 46, 424, 1941. (43.) Kark, R., and Souter, A. W.: Lancet, 1, 1149, 1940. 

(44.) Blark, R., and Souter, A. W.: Lancet, 2, 693, 1941. (46.) Kark, R., ''^ite, F. W., 

Souter, A. W., and Deutsch, E.: Proc. Soc. Exp. Biol, and Med., 46, 424, 1941. (46.) 
Konzehnann, F. W.: Rev. Gastroenterol., 7, 51, 1940. (47.) Kopp, I., and Solomon, 

H. C.: Am. J. Med. Sci., 205, 90, 1943. (48.) Romberg, A.: J. Clin. Invest., 21, 299, 

1942. (49.) Kronicke, G.; Ztschr. f. klin. Med., 137, 478, 1940. (50.) Kruger, A. L., 

and Gerber, I. E.: Am. Rev. Tuberc., 46, 439, 1942. 

(51.) Langner, P. H., and Dewees, E. J.: Am. J. Med. Sci., 204, 85, 1942. (52.) 
Lichtman, S. S.: Ann. Int. Med., 14, 1199, 1941. (63.) Lichtman, S. S.: Arch. Int. 
Med., 53, 680, 1934. (54.) Lichtman, S. S.: J. Lab. and Clin. Med., 26, 1193, 1940. 

(55.) Lindboom, G. A.; Acta med. Scandinav., 99, 147, 1939. (66.) Lipschutz, E. W.: 

Am. J. Digest. Dis., 6, 197, 1939. (57.) Londe, S., and Probstein, J. G.: J. Pediat., 18, 

371, 1941. (68.) Lord, J. W., Andrus, W. DeW., and Moore, R. A.: Arch. Surg., 41, 

585, 1940. (59.) Lord, J. W:, and Andrus, W. DeW.: Arch. Int. Med., 68, 199, 1941. 

(60.) Lozner, E. L., Winkler, A. W., Taylor, F. H. L., and Peters, J. P.; J. Clin. Invest.. 
20, 507, 1941. (61.) Lucia, S. P., and Aggeler, P. M.: Am. J. Med. Sci., 201, 326, 1941. 

(62.) Lyttle, J. D., Goettsch, E., Greeley, D. M., Grim, W. M., and Dunbar, P.: J. 
Clin. Invest., 22, 169, 1943. 

(63.) MacDonald, D.: Surg., Gynec. and Obst., 69, 70, 1939. (64.) MacLagan, N. F.: 

Quart. J. Med., 9, 151, 1940. (65.) MacLagan, N. F., Rundle, F. F., Collard, H. B., 
and Mills, F. H.: Quart. J. Med., 9, 215, 1940. (66.) Macfie, J. M., Bacharach, A. L., 
and Chance, M. R. A.rBrit. Med. J., 2, 1220, 1939. (67.) Machella, T. E., Helm, J. D., 

and Choraock, F. W.: J. Clin. Invest., 21, 763, 1942. (68.) Marron, T. XJ. : J. Lab. and 

Clin. Med., 27, 108, 1941. (69.) Mateer, J. G., Baltz, J. I., Marion, D. F., and Mac- 

Millan, J. M,: J. Am. Med. Assn., 121, 723, 1943. (70.) Mateer, J. G., Baltz, J. L, 
Marion, D. F., and Hollands, R. A.: Am. J. Digest. Dis., 9, 13, 1942. (71.) Mateer, 
J. G., Baltz, J. I., Marion, D. F., and MacMillan, J. M.: J. Am. Med. Assn., 121, 723, 

1943. (72.) Meranze, D. R., Likofi, W. B., and Schneeberg, N. G. : Am. J. Clin. Path., 

12, 261, 1942. (73.) Meyers, F.: Med. Rec., 152, 323, 1940. (74.) Mills, F. H.: Med. 
J. Australia, 29(1), 195, 1942. (75.) MUls, M. A., and Dragstedt, C. A.: Arch. Int. 

Med., 62, 216, 1938. (76.) Moser, R. H., Rosenak, B. D., and Hflsterlik, R. J.: Am. 

J. Digest. Dis., 9. 183, 1942. 

(77.) Neuweiler, W.: Klin. W''chnschr., 19, 135, 1940. (78.) Neuweiler, W.: Klin. 

Wchnschr., 18, 1050, 1939. (79.) Newburgh, L. H.: Ann. Int. Med., 17, 935, 1942. 

(80.) Olson, K. B., and Menzel, H.; Surgery, 6, 206, 1939. (81.) Olwin, J. H.: 
Arch. Surg., 43, 633, 1941. (82.) Owen, C. A.: Harper Hosp. Bull., 1, 113, 1942. 

(83.) Pachman, D. J.: Am. J. Dis. Child., 60, 1277, 1940. (84.) Palmer, A.: Clinics, 

I. 762, 1942. (85.) Paulson, M., and Wyler, C. I.: Ann. Int. Med., 16, 872, 1942. 

(86.) Probstein, J. G., and Londe, S.: Ann. Surg., Ill, 230, 1940. (87.) Probstein, 

J. G., and Londe, S.: Arch. Surg., 45, 253, 1942. 

(88.) Quastel, J. H., and Wales, W. T.: Lancet, 1, 402, 1940. (89.) Quick, A. J.: 

Am. J. Clin. Path., 10, 222, 1940. (90.) Quick, A. J.: Am. J. Med. Sci., 185, 630, 1933. 

(91.) Quick, A. J.: Arch. Int. Med., 57, 544, 1936. (92.) Quick, A. J.: Am. J. Clin. 

Path., 10, 222, 1940. (93.) .Quick, A., Ottenstein, H. N., and Weltchek, H.: Proc. 

Soc. Exp. Biol, and Med., 38, 77, 1938. 

(94.) Rafsky, H. A., and Newman, B.: Am. J. Digest. Dis., 10, 66, 1943. (950 
Rennie, J. B.: Brit. J. Exp. Path., 23, 329, 1942. (96.) Reymont, A.: Am. J. Digest. 

Dis., 7, 65, 1940. (97.) Rhoads, J. E.: Tr. Am. Surg. Assn., 58, 86, 1940. (98.) Robert- 
son, H. F.: Penna. Med. J., 43, 938, 1940. (99.) Robinson, G. W., Shelton, P., and 

Smith, F. W.: Arch. Int. Med., 68, 945, 1941. (100.) Rosenberg, D. H., and Soskin, S.: 

Am. J. Digest. Dis., 8, 421, 1941. (101.) Rosenberg, D, H., and Soskin, S.: Ann. Int. 

Med., 13, 1644, 1940. (102.) Rosenthal, S. M., and White, E. C.: J. Am. Med. Assn., 

84, 1112, 1925. (103.) Rosenkrantz, J. A., Bruger, M., and Lockhart, A. J. : Am. J- 
Med. Sci., 204, 36, 1942. 

(104.) Scanlon, G. H., Brinkhous, K. M., Warner, E. D., Smith, H. P., and HyM, 
J. E.: J. Am. Med. Assn., 112, 1898, 1939. (105.) Schneeberg, N. G., Likoff, 

and Meranze, D. R.: Arch. Surg., 46, 581, 1943. (106.) Schwei, G. P., and QmcK, 

A. J.: Proc. Soc. Exp. Biol, and Med., 50, 319, 1942. (107.) Scurry, M. M., and Field, 

H. : Am. J. Med. Sci., 206, 243, 1943. (108.) Shay, H., Schloss, E. M., and Bell, M. A- • 

Arch. Int. Med., 47, 391, 1931. (109.) Smith, H. P., and Owen, C. A.: Rev. Gastro- 
enterol., 7, 520, 1940. (110.) Soffer, L. J.: Medicine. 14, 185, 1935. (HI.) SoEer, 

L. J., and Paulson, M. : Am. J. Med. Sci., 192, 535, 1936. (112.) Steigman, F., Popper, 



RADIOLOGY 


673 


H., and Meyer, K. A.: J. Am. Med. Assn.., 122, 279, 1943. (113.) Stewart, J. D., and 
Eonrke, G. M.: Free. Sots. Exp. Biol, and Med., 51, 364, 1942. (114.) Stewart, J. D., 
Rourke, G. M., and Allen, A. W.: Ann. Surg., 110, 693, 1939. (115.) Stewart, J. D., 
and Rourke, G. M.: J. Am. Med. Assn., 113, 2223, 1939. (116.) Stiles, M. H., Stiles, 
M. T., and Kolb, A. M.: J. Lab. and Clin. Med., 28, 180, 1942. 

(117.) Tada, Y., and Nakashima, K.: J. Am. Med. Assn., 83, 1292, 1924. (118.) 
Tiber, A. M., Pearlman, A. W., and Cohen, S. E.: Arch. Int. Med., 68, 309, 1941. 

(119.) Gexkull, T.: Ztschr. f. klin. Med., 138, 366, 1940. (120.) Upham, R., and 
Chaikin, N. W.: Rev. Gastroenterol., 7, 263, 1940. 

(121.) Von Bergmann, G.: Klin. Wchnschr., 6, 776, 1927. 

(122.) Waybiirn, E., and Gray, H.: Am. J. Med. Sci., 204, 823, 1942. (123.) Weech, 

A. A., Vann, D., and Grillo, R. A.; J. Clin. Invest., 20, 323, 1941. (124.) Weichselbaum, 
T. E., and Probstein, J. G. : J. Lab. and Clin. Med., 24, 636, 1939. (125.) White, F. W., 
Deutsoh, E., and Maddock, S.: New England J. Med., 226, 327, 1942. (126.) White, 

F. W., Deutsch, B., and Maddock, S.: Am. J. Digest. Dis„ 7, 3, 1940. (127.) Wilson, 
R.: Canad. Med. Assn. J., 45, 147, 1941. (128.) Wilson, S. J.: Proc. Soc. Exp. Biol, 

and Med., 41, 559, 1939. (129.) Wilson, S. J,: J. Lab. and Clin. Med., 25, 1139, 1940. 
(130.) Wilson, T. E.: Med. J. Australia, 29(1), 33, 1942. (131.) Wirts, C. W., and 
Cantarow, A.: Am. J. Digest. Dis., 9, 101, 1942. (132.) Wolff, W. A., Elkinton, J. R., 
and Rhoads, J. E.; Ann. Surg., 112, 158, 1940. 

(133.) Ziflren, S. E., Owen, C. A,, Warner, E. D., and Peterson, F. R.: Surg., Gynec. 
and Obst., 74, 463, 1942. 


RADIOLOGY 

UNDER THE CHARGE OP 

HARRY M. WEBER, M.D., and DAVID G. PUGH, M.D. 

SECTION ON ROENTGENOEOGY, MAYO CEINIC, ROCHESTER, MINN. 


PULMONARY CYSTS 

By David G. Pugh, M.D. 

ROCHESTER, MINN. 

In 1687 Bartholinus reported the first recognized case of the disease 
which has been called “cystic disease of the lung,” “cystic degeneration 
of the lung,” or “pulmonary cysts.” In 1925 Koontz“ reviewed the 
medical literature and found reports of 105 cases of pulmonary cysts.. 
In 1937 Schenck^'’ was able to find 381 reported cases. The more fre- 
quent recognition of this type of lesion at the present time is due to a 
great extent to the fact that roentgenologic examination of the thorax 
now is performed more frequently than it was in the past. In cases in 
wliich pulmonary symptoms are due to this condition, the diagnosis can. 
be made only by roentgenographie examination or by exploratory opera-, 
tion. In a relatively large number of cases of pulmonary cysts the patients 
have no symptoms and it is only by routine roentgenographie examination 
of the thorax that these lesions are found. Thus roentgenologists who 
can study the gross character, size, shape and distribution of these cysts 
should be able to contribute much toward a better understanding of this- 
condition. Conversely the findings of the internists, surgeons and path- 
ologists are of great aid in bringing about a better understanding of these 
cysts by roentgenologists. It is certain that no one should realize more 
clearly than the roentgenologist the complexity of the problems involved 
in trying to understand this perple.\'ing condition. 

Some writers, especially Peirce and Dirkse.^® have objected to the term- 
“ cyst” to designate this lesion. They claim that cysts are hollow organs 
bladders or sacs winch contain liquid secretion, parasitic larvae or morbid 
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matter. Thus tliey felt that only those cysts of the lung whieh are or 
have been filled with fluid properly .should be called “cysts.” This is 
arguable even on etymologic grounds and relatively unimportant. At 
any rate by common practice the term “cyst” has for many years been 
applied to certain air-filled cavities in the lungs, and it is neither possible 
nor desirable to change the terminology in this respect. When the e.xact 
nature of the pulmonary cysts is understood, as is the case in some in- 
stances, a more specific term may be substituted, but when the pathogenesis 
is not understood, the general term “cyst” is still preferable. Some 
authors have used the term “air cyst” to designate cysts that do not 
contain fluid. 

As pulmonary cysts are seen by the roentgenologist first, it would 
perhaps be best to consider the appearance of these lesions and their 
distribution as seen in roentgenograms of the thorax. It would be pos- 
sible in this way to subdivide them according to their size, shape, number 
and distribution in the lung. Sellors’-* classification is quite suitable for 
this purpose: 

] . Solitary cysts — almost invariably of large size. 

(a) Huge “balloon” or “distention” cysts, which when the}" occur in 
infants cause gross pressure signs and often death. 

(b) Smaller cysts about the size of an orange. These often remain 
“silent” unless infected. 

2. Alultiple cysts of variable size. 

(а) Medium sized, in groups of two or three, close to the root of the 
lung on occasions. They vary in size from that of a cherry to that of a 
golf ball. They usually do not cause symptoms. 

(б) Small cysts the size of a currant or a cherry. 

Multiple cysts may also be divided as: 

1. Those which follow a set distribution and which usually are lobar in 
character. These cysts are uniform in size; they resemble saccular 
bronchiectasis. Some of these have been called “honey-comb” lung. 

2. Diffuse or scattered lesions with cysts of inconstant size: (a) local- 
ized patchy distribution; (b) confined to one lung only; (c) scattered 
through both lungs. 

. There may be objections to this classification but it is the only one 
found which is| based objectively on the morphology and distribution of 
the cysts. Certainly, one should not attempt to classify these 
according to their cause until the great variation in the character of the 
pulmonary cysts is considered. In other words, one should consider 
etiologic factors that apply to each type of pulmonary cyst rather than 
discuss pulmonary cysts as though- they comprised a homogeneous group. 
The failure of most investigators to do this makes a discussion of patho- 
genesis very difficult. 

At first it was thought that all pulmonary cysts were congenital. Bot i 
Koontz'® and Schenck^® expressed this opinion. Anspach and Wolman, 
who studied pulmonary cysts in infants, regarded them as congenita. 
Sauerbruch,^® who studied bronchiectasis in children, found that 80% 
these cysts were congenital in origin and did not cause inflammator} 
changes in the lung. This congenital bronchiectasis he termed as cys ic 
bronchial disease. Sellers mentioned the similarity between multip e 
congenital cysts and congenital bronchiectasis. Many other authors 
have supported the congenital origin of pulmonary cysts. , 

It would not be suitable here to mention all the theories in suppor o 
the congenital origin of pulmonary cysts, which have been well review e 
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by Willis and Almeyda,^® Stanford and Nalle/'* and Gruenfeld and Gray f 
especially to be recommended is the paper by Sellers. Some of the theories 
of the congenital origin, however, will be considered briefly. Anspach 
and Wolman^ suggested three ways in which congenital cysts may start. 
A large cyst may be preformed but collapsed at birth; then it may become 
distended at the first inspiration. Cysts may develop from small con- 
genital bronchiectatic dilatations which enlarge in postnatal life as the 
result of stenosis of their orifices. A large air cyst may occur primarily 
as a large sac which is filled with fluid. The fluid is evacuated sponta- 
neously into the bronchus by rupture of the cyst, which then becomes 
filled with air. 

Anspach and Wolman found pulmonary enterogenous cysts in infants, 
as did Ward and Krahl.^^ These enterogenous cysts are, of course, con- 
genital. They are very rare, but must be considered when a cyst which 
contains fluid and progressively increases in size is found in a newborn 
infant. In 1 case reported by Ward and Krahl, a spontaneous pneumo- 
thorax developed as the result of the rupture of an enterogenous pulmonary 
cyst. 

Muller,^^ in 1928, in a review of the theories of the pathogenesis of 
pulmonary cysts, was of the opinion that a bronchiolar bud becomes 
arrested in its growth before attaining the stage of a hollow tube and that, 
at a subsequent date, the terminal part begins to grow and forms a closed 
sac into which fluid is secreted by the lining epithelial cells. He quoted 
Simpkins, Crosswell and King, and Harris in support of his theory. 

These concepts of the congenital origin of pulmonary cysts seem to 
apply best to certain types which have been described by Sellers. It 
does seem that some of the “ balloon ” or “ distention ” cysts found in new- 
born infants are congenital in origin. The solitary “smaller cysts which 
are about the size of an orange,” as described by Sellers, also often seem 
to be congenital. Thes6 are usually filled with fluid until they rupture 
into a bronchus. After this, they contain varying amounts of fluid which 
miay be evacuated at intervals. These solitary congenital cysts are 
originally, at least, lined with ciliated columnar epithelium and there 
may be regions of squamous metaplasia. The walls of the cysts may 
contain glands, smooth muscle, elastic tissue, lymph follicles, and cartilage. 
Infection may destroy the epithelium. These cysts are often traversed 
b,y strands of fibrous tissue. 

There is considerable evidence to support the idea that many pulmonary 
cysts should be considered “developmental” rather than “congenital.” 
According to Miller,^® the studies of Broman, IVillson, Strukow, and 
Stefko indicate that the permanent pulmonary parenchyma of the adult 
develops only after birth and that this development requires from 3 to 
14 years; the average time required is about 7 years. Miller expressed 
the opinion that disturbance in the development of the lung produces both 
congenital bronchiectasis and congenital cystic lung. He said that arrest 
of development, whether prenatal or postnatal, means the persistence of 
the primitive infantile type of lung from childhood into adolescence. The 
bronchi in such a lung do not branch normally; they become stretched 
and distended, and develop into bronchiectatic or cystic structures 
depending on whether they remain patent or become shut off at their 
proximal end. Of course, this disturbance in development may result 
from extrinsic causes; in some cases it is undoubtedly due to pulmonary 
infection early in life. This concept of the pathogenesis of those types of 
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pulmonary cysts wliicli resemble or are associated with congenital cystic 
bronchiectasis seems quite logical. 

Willis and Almeyda expressed the opinion that the pulmonary cysts 
may be either congenital or acquired but they preferred the term “ develop- 
mental” since they believed that there is usually an underl 3 dng weakness 
of the bronchial or, alveolar structures. Examples of cystic lung in cases 
of familial tuberous sclerosis have been reported by Berg and Zachrisson/ 
and Berg and Vejlens;^ and these pulmonarj^ changes seem to be due to 
some developmental disturbance. Stanford and Nalle reported a ease of 
emphysematous type of cj'stic lung which appears to be due to a defi- 
ciency in the connective tissue stroma. .Koontz quoted Humbert as saj"-- 
ing that there are some instances in which there is no deformity at birth 
but in Avhich there is some defect in the structure of the bronchial walls 
which later results in malformation. Gruenfeld and Gray^ describe how 
they think multiple cysts can result from developmental variation. They 
also said that the following theories have been advanced to explain the 
congenital or developmental nature of pulmonar^^ cysts : 

1. Primary agenesis of finer ducts and alveoli (Wolman, Huckel, Gra- 
witz, DeLange). The cysts are passive dilatations of originally normal 
air ducts. 

2. Neoplastic hjqjerplasia of the bronchial tree, "cystic broncho- 
adenoma” (Stoerk, Wermbter, Alth). 

3. Hydropic dilatation of congenitally malformed lymph spaces (Vir- 
chow, Hebs, quoted bj'- DeLange). 

4. Congenital deficiency of elastic tissue (von Hauseman, Dey). 

5. Secondarj’- dilatation of air containing ducts due to persistence of 
congenital atelectasis (Hiller, Sauerbruch). 

6. Fetal bronchopneumonia, mostly syphilitic, leading to stasis of bron- 
chi (Balzer) or to arrested alveolar development (SandojO- 

7. Lobular pneumonia or pneumonitis in childhood, disturbing the 
differentiation of the pulmonarj^ parenchyma (Miller). 

8. Uncoordinated excessive growth of the pulmonary" stroma, interfering 
with the proliferation of the parenchyma, a hamartoma in the sense of 
Albrecht (Kimla). 

9. Stenosis of short segments of the air ducts developing in the prenatal 
or postnatal period (EloesSer). 

With reference to the second and sixth theories, it maj'^ be pointed out 
that, according to the, consensus; of .writers, pulmonary cj’^sts are rarely 
neoplastic or due to coirgenital sjqrhilis. , 

Recentlj", there has been considerable, support given to the concept that 
pulmonary cysts are acquired and not congenital. Peirce*® and Peirce 
and Dirkse,*® who deserve., much credit for stimulating thought in this 
direction, emphasized that pulmonar^^ cysts are frequentlj^ the sequelse 
of bronchitis and bronchopneumonia.' ,,They expressed the opinion that 
although congenital cj^sts may occur they- a,re rare, and that in a yerj'’ 
large number of cases the cysts are not congenital. The.v subdivided 
cj'stic pulmonary disease as follows:. . - ... : ■ 

, I. TruAcongenital pulrabnafy. cyst b'r cysts. . 

II. (a) Chronic interstitial pheumbm.tis with emiphj'sema; (6) chronic 

bullous emphysenia.‘,.‘ 'i'.' ' 

.IIL, Cj^stic bronchiectasis." 

W.' Pulnionarj' pneuinatocele' (localized alveolar or lobular ectasia). 

Pulmonary pneumatocele starts aS an acute lobular ' emphysema asso- 
ciated ■with lobular pneumonia or bronchitis. A persistent check-valve 
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obstructing the lumen of the bronchus is thought to be due either to non- 
resolution of the initial inflammation of the bronchus or to a subsequent 
distortion of the dilated air-spaces. This check-valve type of obstruction 
of the bronchus has been well described by Jackson.® Cheney and 
Garland® gave support to the theory that pulmonary cysts are acquired by 
demonstrating that serial roentgenograms of patients recovering from 
various inflammatory disease of the lungs, especially pneumonia, disclose 
an astonishing number of bizarre cystlike lesions. Some of the lesions 
disappear spontaneously but many remain unchanged. Some increase in 
size and eventually occupy an entire lobe or even a whole lung. These 
lesions were called “pneumocysts” by Cheney and Garland,® who said 
that they represent a bullous-emphysema phase of healing. Caffey® found 
that in infants "with pneumonia there developed, at times, lesions which 
looked like abscesses, tuberculous cavities or congenital cysts of the lung 
but which were in reality due to a regional obstructive pulmonary emphy- 
sema. They were sometimes multiple. So-called balloon cysts were en- 
countered as the result of this type of regional obstructive pulmonary 
emphysema, which is a term that can be considered synonymous with 
pneumatocele. They usually disappeared spontaneously. Some of these 
acquired lesions greatly resembled solitary congenital cysts. 

Maier^^ thought that many pulmonary cysts are acquired, although 
he recognized that congenital cysts are not rare. He also emphasized 
the importance of recognizing pneumatoceles which follow interstitial 
pneumonitis. These may disappear more quickly in infants and children 
than in adults. He found that in children pneumatoceles may a;ttain 
huge size. Some pneumatoceles remained only a few weeks while others 
persisted and fluctuated in size for months or years without producing 
symptoms. He emphasized the importance of distinguishing pneumato- 
celes from emphysematous bullae since a bulla does not disappear but 
tends to increase in size slowly, whereas a pneumatocele may rapidly 
increase or diminish in size and not infrequently will disappear completely 
and spontaneously. However, if an emphysematous bulla has a constant 
Increase in intracavitary pressure he would call it a pneumatocele, even 
though it occurred in an emphysematous lung. 

There may be difficulty in distinguishing pneumatocele from abscess of 
the lung. According to Maier, either pneumatocele or abscess may 
become inflated due to a check-valve action in the bronchus. This infla- 
tion of an abscess occurs most frequently in children and infants. Maier 
emphasized that a pulmonary abscess may persist after the infection has 
subsided. This is usually due to fibrosis of the surrounding lung but may 
be due to ingrowth of epithelium. Such an abscess might be confused 
with an infected cyst. 

As Maier has emphasized, emphysematous bullje are an advanced form 
of emphysema and should not be called cj-^sts. Differential diagnosis is 
not always easy, however. Weaver and von Haam^'^ have discussed the 
mechanism of the development of emphysematous regions which resemble 
cysts. Caffey has noted the similarity between bullous emphysema and 
annular cysts. Maier said that if an intrapulmonary air cyst is produced 
chiefly or entirely by disruption of intra-alveolar septa and if there is 
little or no check-valve, it is not a pneumatocele but a bulliej however, 
if the size of the cavity is large, owing to hyperinflation of an originally 
small cavity, it is a pneumatocele. Maier mentioned that bullEe may be 
difficult to distinguish from pneumothorax. Pulmonary blebs are aeute 
and are usually easily distinguished, according to Maier" 
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Maier objecteil to the use of the term “pulmonary cyst” without 
qualifications. He felt that attempts should be made to distinguish the 
various types if possible. He said that the formation of a cavity in the 
lung is a developmental abnormality, is due to destruction of pulmonary 
tissue by an inflammatory process, is the result of hyperinflation of a small 
defect in the pulmonary parenchyma, or is due to a combination of these 
processes. The following is Maier’s classification of pulmonarj'^ cysts; 

I. Non-parasitic cysts and cystlike cavities. 

1. Congenital pulmonary cavities. 

2. Cystic bronchiectasis. 

3. Acquired intrapulmonary cavities originally produced by destruction 
of pulmonarj^ tissue. The cavity may or may not be epithelialized. 

4. Pneumatocele; non-epithelialized positive pressure cavities produced 
by hyperinflation of a defect in the pulmonary parenchyma resulting from 
pulmonarj'’ infection. 

5. Emphysematous bullm; non-epithelialized pulmonary cavities, pro- 
duced chiefly bj’’ disruption of intra-alveolar septa. 

6. Pulmonary blebs; localized collections of air within the pulmonary 
interstitial tissue. 

II. Parasitic cysts. 

This classification is very satisfactory. The great difficulty is that it 
frequently is almost impossible to decide definitely by roentgenographic 
and clinical methods just how a certain cyst should be classified. The 
reason -for this was well e.vpressed by Smith, who said ; “ One may hazard 
the opinion that though the majority of cases are due to some embryologic 
defect, many are acquired as the result of damage to the bronchi and lungs 
by previous infection, inhalation of foreign material, or trauma. Given a 
lung with a developmental fault, or with a residuum of injurj'’ of acquired 
factors, add the interplay of the normal forces which have to do with the 
mechanics of respiration, namely, traction, pressure effects and drainage, 
and add to these insults from repeated infections, then there is likely to 
result a varied pathologic picture in which may be found entrapped air, 
pocketed fluid, fibrotic formations, pneumonitis, distended and deformed 
bronchi, and perhaps not rarely a complicating pneumothorax.” 

Anspach and Wolman^ made an important point when they said; 
“ Once a cyst has formed its behavior is determined largely by mechanical 
and accidental influences, such as capsular strength, pro.ximity of adjacent 
air passages, plasticity of surrounding lung tissue, and the presence or 
absence of complicating respiratory infections, rather than by its embryo- 
genesis or history of its lining.” This is well shown when so-called balloon 
cysts are considered. Many of these cysts that occurred in infants and 
were described by Anspach and Wolman appeared to be congenitid. 
However, Caffey® found that some balloon cysts in infants apparently 
were the result of an inflammatory process and he called them regional 
obstructive pulmonary emphysema.” Maier,^^ Kirklin,® Brown and 
Brock,'* and Cheney and Garland® have reported balloon^ cysts wlnci 
probably developed in adult life and which may be called “giant pneu- 
matoceles.”’ The, important thing is not whether these were congenital 
or acquired. The only" matter of real importance is that these lesions have 
a check-valve mechanism in the communicating bronchus which causes t le 
cysts to expand progressively and thus may result in death from respiratory 
embarrassment. 

Bigler*" has briefly summarized very well the ways in which pulmonary 
cy'sts may' produce symptoms. These are as follows ; 



EADIOLOGY 


679 


1. There may be loss of lung tissue owing to expansion of the cyst, 
compression of the remaining lung, and displacement of the mediastinum. 
Diminished vital capacity may embarrass respiration, especially in children 
but perhaps also in adults. 

2. Infected cysts may cause symptoms of pulmonary suppuration. 

3. There may be enlargement of the right side of the heart and cardiac 
failure. 

Tysorfs has found that patients who have solitary pulmonary cysts 
usually seek relief because of infection or alteration of the mechanical air 
exchange through a connecting bronchus. Rupture may occur in either 
case. These infected cysts are often confused with abscesses. The com- 
plications occurring in his cases were; (1) infection of the cyst without 
rupture; (2) infection with rupture and formation of a pyopneumothorax; 
(3) progressive expansion of the cyst after subsidence of infection; (4) rup- 
ture without infection but due to ball-valve effect and formation of tension 
pneumothorax; (5) rupture of the cyst with discharge of sterile fluid into 
the pleural cavity. 

The surgical treatment of these conditions is not within the scope of 
this paper, but certain aspects of the surgical treatment are very important 
and should be considered. 

Rigler,^® Maier,ii Maier and Haight, a^d Tyson® have shown how an 
infected cyst may simulate an empyema; this is especially true if the cyst 
has ruptured into the pleural space. With an infected pulmonary cyst 
there is not the pleural reaction that one would expect with empyema. 
The shape of the cyst, if it has not ruptured, may make its distinction 
from empyema possible by roentgenographic examination. 

It is important to distinguish congenital cysts from non-epithelialized 
intrapulmonary cavities, such as a pneumatocele, since the latter frequently 
will disappear spontaneously. If empyema results from the rupture of a 
congenital cyst it is not sufficient merely to drain the empyema cavity 
since the epithelialized cyst will not collapse and must be removed. This 
applies also to infected pulmonary cysts which have not ruptured but have 
nevertheless been confused with empyema. If empyema does not respond 
to the usual surgical procedures, one should consider the possibility of a 
congenital pulmonary cyst. Congenital cysts are lined with columnar 
epithelium in contrast with the alveolar epithelium, squamous metaplasia 
or inflammatory tissue which lines bronchiectatic cavities or acquired 
cysts. The strands of tissue traversing a congenital cyst may be visible 
in the roentgenogram. The distorted elements of the bronchial wall are 
often found in the walls of a congenital cyst. Thus biopsy in the course 
of surgical drainage of an empyema cavity often will disclose the nature 
of the lesion. If it is a congenital cyst its surgical removal will be neces- 
sary. Old abscess cavities of the lung may be lined by bronchial epithe- 
lium which has grown in from a bronchus. In this case, the lesion would 
simulate a congenital cj^st but this would make little difference since 
surgical removal of the abscess would be necessary. Lack of anthracotic 
pigment within the cyst and in the vicinity of the walls of the cyst has been 
given by Schenck and Koontz as an indication of lack of function of the 
tissue and of the congenital origin of the cyst. This might at times be 
an important point, since the epithelial lining of a congenital cyst some- 
times is destroyed by infection. 

A tension pneumothorax should be distinguished from a giant pneu- 
matocele which virtually fills the entire lung. Around such a large 
pneumatocele there can us\ially be seen some compressed pulmonary tissue, 
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especially in the apex of the lung and in the costophrenic angle. The 
hilar shadows are not prominent when there is a balloon cyst whereas in a 
tension pneumpthorax the collapsed lung forms a prominence at the hilus. 

It is true that at times the bronchial communication of an air containing 
cyst cannot be found when the specimen is examined. This is especially 
true of balloon cysts. Consideration of the physiology of the lung makes 
it evident that there must be such a communication even though this 
cannot be seen during examination of the specimen. Anspach and Wol- 
man said that, probably, the communicating bronchiole, entering the 
cavity by an angular tortuous course, is difficult to demonstrate and by its 
nature maj’- act as a valve and allow the entrance of air but not its exit. 

The use of bronchography with iodized oil in cases of cystic lung is not 
considered to be of much assistance according to most authors. In most 
cases the C 3 'sts fail to become filled with the oil. Singer^^ has used iodized 
oil to distinguish solitarj'^ congenital cyst from empyema. He injected 
the iodized oil directlj’^ into the cavity and then made roentgenograms at 
manj’ angles and even vdth the patient upside down. Maier thought 
bronchographj’- might be of some value in distinguishing a cj^st from 
emp 3 'ema. 

Since cj'stic bronchiectasis and certain types of pulmonary cj'sts are 
ver 3 * difficult to distinguish and since an infected cj^st of the lung would 
probabl 5 ^ require surgical treatment similar to that used for relief of 
bronchiectasis, it seems that in cases of cj'stic lung bronchography would 
be indicated to show the extent and character of the lesion. Solitary 
pulmonary cj’^sts which are infected are often found to be associated with 
adjacent bronchiectasis; therefore, bronchography would be indicated to 
determine the extent and site of the bronchiectasis. 

Cavernous bronchogenic carcinoma maj”- have an appearance which 
roentgenographicallj" is identical vdth that of an infected solitary pulmo- 
narj' cj'st. Bronchoscopic examination and biopsj'^ vdll often reveal the 
presence of carcinoma. 

Conclusions. ' 1. In many cases of pulmonary cj^sts the pathogenesis 
cannot be definitelj’’ determined. 

2. Some pulmonar.v cj'^sts are congenital in origin. 

3. Some pulmonar^y cj'sts maj’^ be best regarded as “developmental” in 
origin. 

4. Some pulmonary cj^sts are acquired, usuallj’^ as the result of pulmo- 
nary’ infection. 

.5. At times, acquired factors probablj'^ cause the development of pul- 
monary cy^sts by"^ distorting “developmental” processes. 

6. Lesions that may"^ not actually”^ be pulmonary cysts may^ at times be 
distinguished vdth difficulty^ This applies especially to emphy’^sema and 
bronchiectasis. 

7. The importance of distinguishing empymma from an infected pul- 
monary’ cy’st must be remembered, 

5. Very’ large balloon cy’sts must be distinguished from tension pneumo- 
thorax. 

9. An infected cyst of the lung should be distinguished from pulmonary 
abscess, tubereulous cavitation and cavernous bronchogenic carcinoma. 
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The recent discovery of tire functions of tire carotid and aortic bodies 
constitutes a major advance in physiology. Although certain details 
remain to be reinvestigated and reevaluated, there is enough general 
agreement among physiologists on fundamental concepts to warrant an 
interpretation of the available data for clinicians. This review will em- 
phasize the clinical significance of the carotid and aortic bodies and will 
merely outline the historical development and anatomic characteristics 
of these cell groups. Those desiring more detailed information are 
referred to reHew articles bj'' several of the original investigators in the 

field.6.26 .50.50 

Description of the carotid bodies dates back to 1743, but it was not 
until 1902 that Biedl and WieseP reported a structure which we recognize 
today as the aortic body. For years these tissues were variously regarded 
as glands of internal secretion, chromaffin bodies, paraganglia, or cavernous 
vascular structures. _ In 1928 de Castro- shrewdly suggested that on the 
basis of its peculiar histologic appearance the carotid body might represent 
a special sense organ capable of perceiving changes in the chemical com- 
position of the arterial blood. This was conclusively demonstrated by 
Heymans in 1930.=^ A similar function was attributed to the aortic hodv 
by Comroe^® in 1939. 

_ A. Physiology. To avoid confusion, one important fact must be estab- 
lished at the outset. The sensory receptors of the carotid and aortic 
bodies are anatomically adjacent to other receptors which have a some- 
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what similar name, i. e., the receptors of the carotid sinus and aortic arch. 
It is unfortunate that the identity of these structures is so frequently con- 
fused for, despite their proximity, they have quite different funetions. 
The receptors of the carotid and aortic bodies respond to changes in the 
chemical constiUdion of arterial blood and should be regarded as chcmo- 
rcccplors. The receptors of the carotid sinus and aortic arch respond to 
alterations in arterial pressure and should be referred to as pressoreceptors. 
Although both groups exert important effects upon respiration and circu- 
lation, the results of stimulation of each are diametrically opposed. 

It is now well established that stimulation of the sensory receptors of 
the carotid and aortic bodies leads to increased activity of certain portions 
of the central nervous system. A first concern must therefore be a con- 
sideration of what activates the receptors, together with a discussion of 
the effects of such activation. 

The Stimuli. The chemoreceptors are stimulated by certain changes in 
the composition of arterial blood: 

(a) Decrease in arterial oxygen tension. The distinction between 
oxygen content and oxygen tension (pressure) is often poorly understood 
Oxygen content of arterial blood refers to the amount of oxygen in chemical 
combination with hemoglobin (normally about 19 to 20 cc. per 100 cc. 
blood) plus the oxygen physically dissolved in the plasma (about 0.2 cc. 
per 100 cc. blood). Oxygen tension (pressure) of arterial blood refers to 
the pressure which the physically dissolved oxygen exerts in the plasma. 

The response of the chemoreceptors to a lowered oxygen tension is 
prompt, intense and prolonged, and represents the organism’s chief defense 
mechanism against anoxia. Whatever resistance the intact individual 
has against anoxia is due to a flow of afferent impulses from these peripheral 
receptors, and is not due to a stimulant action directly upon the medullary 
centers as was formerly believed. This reaction to oxygen deficit consti- 
tutes the most important physiologic property of the carotid and aortic 
bodies. 


(b) Increase in acidity. 

(c) Increase in carbon dioxide tension. 

(d) Increase in blood temperature. 

(e) Certain drugs : cyanides, sulfides, nicotine, lobeline, papaverine, etc. 

The Response. Increased chemoreceptor activity is evidenced ptyticu- 

larly by the response of the respiratory and vasomotor centers. Stimula- 
tion of the chemoreceptors results in ; 

(a) Increase in respiratory rate, depth and minute volume. 

(b) Increase in sympathetic nervous system activity : inertyse in pulse 
rate, arterial blood pressure, vasoconstrictor tone, and liberation of 
adrenalin. 

(c) Increase in cerebral cortical activity. Evidence obtained from dogs 
indicates that excessive stimulation of the carotid and aortic bodies pro- 
duces cortical stimulation which may progress to convulsions. It Js 
possible, therefore, that afferent impulses from these end organs may 
play a role in maintaining cortical function in the face of derangements 
such as narcosis or anoxia (see page 689). The restlessness of anoxia may 


be due in part to this factor. . , 

The responses noted above can be maintained for relatively long perio s 
of time.'* These receptors are e\'idently rugged structures which can 
continue to discharge impulses under conditions which produce mar 'C 
depression of the central nervous system. This has led Schmidt to regar 
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the carotid and aortic bodies as the "ultimum moriens” of the respiratory 

systcni.'^^ , ^ 

The R6lc of the Chemorcceptors in Normal Man. Wrile the chemo- 
receptors are important to man during such emergencies^ as anoxia and 
acidosis, they appear to have no important function that is demonstrable 
under normal conditions. Extirpation or denervation of the carotid and 
aortic bodies in dogs produces no lasting change in the rate, depth, or 
minute volume of respiration, in B.P.,* pulse, arterial oxygen or carbon 
dioxide tension or pH. While breathing room air, they behave entirely 
normally.®® 

Surgical removal of the chemoreceptors has not been performed m.man, 
but one can estimate the degree of their activity by a “ physiologic denerva- 
tion.” The inhalation of 100% oxygen probably accomplishes such a 
denervation for the following reason: If the carotid and aortic bodies of 
a normal man breathing room air were activated by the oxygen tension 
of 97 mm. Hg existing in arterial blood,^'' this should be a factor in the 
maintenance of normal respiration and circulation. Inhalation of 100% 
oxygen, by raising arterial oxygen tension to 670 mm. Hg should abol- 
lish this chemoreceptor acthdty. Since the major function of the chemo- 
receptors is the response to lowered oxygen tension, removal of this 
component of chemoreceptor activity should depress respiration and cir- 
culation.t However, inhalation of 100% O 2 rarely decreases respiration 
of normal men and usually increases it about 10%.®®'®®!]; This indicates 
that there is no demonstrable tonic chemoreceptor activity in normal man. 

However, during certain deviations from normality chemoreceptor func- 
tion is of undoubted importance. The role of the carotid and aortic bodies 
under such conditions forms the basis for this review. Before discussing 
their clinical significance, however, the derivation and structural charac- 
teristics of these end' organs will be sketched briefly. 

Embryology. According to Boyd® the embryologic significance of the carotid 
body is found in its connection with structures of the third branchial arch. Its 
primordium is mesoderm of this arch, and its earliest connections are with the 
artery of this arch and the ectoderm of tlie glossopharyngeal nerve. The aortic 
body has a similar origin from the fourth branchial arch and the vagus nerve. 
There is therefore a clearly defined combination of vascular and neural elements 
from the outset. The fifth branchial arch is represented in the fetus of some 
animals by a pulmonary body, but this rarely persists in adult life. Other cell 
groups (such as the abdominal paraganglia and coccygeal bodies) may respond to 
chemical changes in the arterial blood; Hollinshead’s experiments, which attribute 
a function of this type to the abdominal paraganglia in mice and rats are of interest 
in this regard and should be repeated.®^ 

* Since the nerve fibers from the carotid sinus pressure receptors and from the carotid 
body chemoreceptors join and enter the glossopharyngeal nerve, any attempt to block, 
denervate or extirpate the carotid bodies (in dog or in man) will result in loss of function 
of the carotid sinuses. This should result in “carotid sinus hypertension.” However, 
tlie aortic arch pressure receptors can assume the function of the carotid sinuses and’ 
maintain a normal level of blood pressure. Since it has been found possible to denervate 
the aortic body in the dog without damage to the aortic pressure receptors,®’ these dogs ' 
maintained a normal blood pressure. 

t Oxygen inhalation, of course, does not remove whatever tonic discharge might 
result from receptors activated by the normal acidity, carbon dioxide tension, and tem- 
perature of arterial blood, but there is little evidence to indicate that such tonic activity 
is important. 

t It is interesting to note that a similar “pliysiologic denervation” in normal unanos- 
thetizod dogs depresses respiration by 10 to 30% for a period of 1 to 3 minutes indica- 
tive of a minor degree of tonic chemoreceptor discharge. This species difference empha- 
sizes the undesirability of transferring the results of animal experimentation to man 
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The occurrence of the carotid and aortic bodies in relation to branchial arche 
assumes more significance as one considers the respiratory mechanisms of fish = 
iish take up oxygen from water as it flows through the branchial (gill) system. 
This branchial respiration in aquatic animals is regulated by the tension of oxygen 
in the water a decreased oxygen tension tending to stimulate respiration.^'^ It 
seems probable, therefore, that the carotid and aortic bodies in higher forms of life- 
represent the survival of structures which control respiration in water-breathing 
animals. 


Gross Anatmmj. A carotid body is situated close to the bifurcation of each, 
common carotid artery. In man the carotid body is about 2 to 3 mm. in its longest, 
diameter and can be demonstrated grossly only with difficulty. Its blood supply 
IS derived from the external carotid artery and its ascending pharyngeal and occipi- 
tal branches. The nerve supply is the carotid branch of the glossopharyngeal or 
ninth cranial nerve. 


The anatomy of the aortic body in man is less clearly understood, although 
J. D. Boyd® describes two structures which he regards as homologous to carotid 
bodies. One of these is found near the innominate artery, usually on its lateral 
aspect; fibers from the right vagus nerve can be traced to it. The other is situated 
on the anterolateral aspect of the left portion of the aortic arch; this is closely 
associated with the left vagus nerve. In the dog and cat, the aortic bodies lie 
between the ascending aorta and the pulmonary artery and receive their blood 
supply either from the aorta directly or from the coronary arteries. As a rule, 
their nerve fibers enter the vagi along with the recurrent laryngeal nerve.’® 

Histology. The structure of these bodies is unusual in that the afferent arteries 
open directly into sinusoidal spaces lined only with endothelium. The cells are 
arranged in the form of thin anastomosing cords or small cell groups separated 
from each other, so that each cell is in close relation to the blood stream.® There 
is a rich nerve supply and an intimate relationship between the nerve endings in 
the cells and the blood stream. This is of the utmost physiologic significance, 
creating as it does an optimal situation for reaction to changes in the chemical 
constitution of the blood. 

A knowledge of the histologic structure of the carotid body is also of importance 
clinically, in that it aids in the diagnosis of carotid body tumors. More than. 
250 tumors of the carotid body have been reported and these have been referred 
to as endotheliomas, peritheliomas, neuroblastomas, sympathoblastomas, angiomas, 
fibroangiomas, sympathetic nevi, adenomas, angiosarcomas, perithelial heman- 
giomas and paragangliomas.®’^ This confused terminology can undoubtedly be 
explained on the basis of the threefold nature of the carotid body, composed as it 
is of vascular, neural and fibrous tissues. Tumora can arise from any or all of these 
three tissues, the 'histologic picture being different in each. As far as ve are 
aware, no tumor formation has yet been described in the aortic body t oug 
some mediastinal tumors may conceivably arise from this structure. 

B. Clinical Importance of the Chemoreceptors. Anoxia. There is no 
doubt that man may respond in striking fashion to severe anoxia (see 
page 682) . As has been pointed out, most or all of .this response origina es 
in chemoreceptor reflexes. The latter has been demonstrated in dogs y 
(a) removal or denervation of the chemoreceptors during severe anoxia 
(in which case respiration and circulation are depressed) and (o) pio uc 
tion of anoxia in animals previously denervated (in which case the usua 
•prompt stimulation of respiration and circulation is lacking). 

This marked response to severe anoxia and the demonstration o le 
role of the chemoreceptors in anoxia has led some physiologists to le im e 
that the chemoreceptors are of utmost importance in all anoxic s a es. 
This is certainly not' true. The chemoreceptors are verj^ importan , 
sometimes vitally important, in certain ano.xic conditions. In others, 
they are active but are non-essential to the maintenance of circu a ion 
and respiration, and in still other anoxic states, they are not involve 
at all. 
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In order to clarify this important point, a classification of clinical anoxia 
will be introduced which differs from that of Barcroft.^ We shall divide 
anoxic states into only two groups: those in which the arterial oxygen 
tension is normal and those in which it is low. This division is a logical 
one, since the stimulus activating the chemoreceptors is a decrease in the 
oxygen tension of the arterial blood rather than a decrease in oxygen 
content of whole blood. 

I. Ahoxic Conditions With A NORMAL Auterial Oxygen Tension . 
Clinical conditions fitting this category are: (a)carbon monoxide poison- 
ing, in which anoxia is produced by reason of the greater affinity of hemo- 
globin for CO than for O 2 , though arterial oxygen tension is normal; 
(6) methemoglobin formation, as in nitrite, sulfanilamide, acetanilid poison- 
ing, or sulfhemoglobin formation in which functioning hemoglobin is 
reduced though arterial oxygen tension is normal; (c) anemia,^ in which 
the quantity of hemoglobin is decreased but plasma O 2 tension is normal; 
and (d) certain types of peripheral circulatory failure in which tissue cells 
may be supplied with less blood per unit time though each unit of blood 
is well oxygenated (c. g., shock). 

Carbon monoxide poisoning illustrates certain principles applicable to 
this whole group. As indicated previously, because of the great affinity 
of hemoglobin for CO as compared with O 2 (210:1) only 1/210 as much 
CO as O 2 is needed in inspired air to enable carbon monoxide to compete 
on even terms with O 2 and so produce 50 % HbCO and 60 % Hb02. Thus 
the addition of only 0.1% CO to inspired air will produce 50% HbCO 
and serious poisoning though the oxygen in inspired air will be reduced 
from 20.93% to 20.91% (a reduction of only 0.15 mm. Hg PO 2 — from 
159 to 158.85 mm. Hg). Since there has been only an infinitesimal reduc- 
tion in oxygen tension, one would expeet minimal or no chemoreceptor 
activity. However, at the same time, there is a marked reduction in 
arterial O 2 content (to 50% Hb02). If anoxia were capable of stimulating 
the chemoreceptors or respiratory center by virtue of a reduction of 
Hb 02 , one would expect to see a definite augmentation of circulation and 
respiration. 

This question was put to a direct test by Chiodi et al.,^^ who exposed 
4 unanesthetized men to prolonged inhalations of 0.15 to 0.35% carbon 
monoxide in air. In 13 experiments the HbCO produced was between 
30 to 40 %, in 9 experiments it was between 40 to 50 % and in 1 experiment 
the HbCO attained was 52 %. Nevertheless in none of these 23 experi- 
ments was there any change in the minute volume of respiration. There- 
fore it is evident that the chemoreceptors do not respond to a diminution 
in the % Hb02 in the arterial blood. Similar results were obtained in 
dogs b 5 ’’ Comroe and Schmidt.'® 

In the human experiments there was no circulatory stimulation until 
the HbCO rose above 30%; then increases in cardiac output (25 to 30%) 
and in pulse rate occurred. Since simultaneous increases in blood pressure 
did not occur, the vasomotor center was probably not stimulated by anoxda; 
more likely the response was secondary to local peripheral vasodilation 
caused by tissue anoxia. 

This work suggests several important clinical implications: (1) The 
clinician must not expect a patient moderately or severely poisoned with 
carbon monoxide to be dyspneic or hyperpneic despite the exdstence of a 
dangerous degree of tissue anoxia; it is this feature (along with the pres- 
ence of a cherry red color— z. e., lack of cyanosis) that makes carbon 
monoxide one of the most insidious of all poisons. Similarly, in moderate 
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degrees of anemia, methemoglobin formation, and so on, dyspnea will be 
lacking. (2) Anoxia stimulates respiration and circulation in man only 
bj’- reflexes arising in tbe cbemoreceptors. If tbe cbemoreceptors are not 
stimulated (arterial oxygen tension maintained normal), no respiratory 
stimulation can be expected from anoxia even ' though the amount of 
oxygen carried by the hemoglobin has fallen to 48 %. Put in other words, 
anoxia does not stimulate the respiratory center directly * In fact, Chiodi 
ct al}^^ obtained some evidence that anoxia may depress the respiratory 
center by its direct action: in 2 subjects, inhalation of 2 to 5% CO 2 in 
air produced 11 to 13% more respiratory stimulation in the normal state 
than during the period of anoxia caused by CO.f 
II. Anoxic Conditions With A SUBNORMAL Oxygen Tension. 
This group, in which arterial oxygen tension and, as a rule, arterial oxygen 
saturation are both reduced, includes the great majority of clinical types 
of anoxia: conditions associated with primary depression of respiration 
(morphine or barbiturate poisoning, anesthesia produced by pentothal, 
evipal, avertin, morphine, and so on), breathing of gases ivith a subnormal 
oxygen tension (as at high altitudes, or in decompression chambers, during 
nitrous oxide or ethylene anesthesia, or during nitrogen inhalations in 
the treatment of dementia precox), and conditions associated with inade- 
quate gas exchange in the pulmonary alveoli (such as pneumonia, atelec- 
tasis, pneumothorax, hydrothorax, pulmonary edema, cardiac decompen- 
sation, emphysema, asthma, and so on). 

1. Anoxia Associated With Primary Depression of the Respiratory Center. 
Marshall and Rosenfeld^® have showm that narcotics depress the respiratory ' 
center in the medulla as judged by the inability of these cells to respond 
to CO 2 . Since extreme sensitivity to CO 2 is a dominant factor in the con- 
trol of normal respiration, one might expect that narcosis would be fol- 
lowed by a decreased minute volume of breathing and the dei^elopment of 
arterial anoxemia. This sequence of events occurs during narcotic poison- 
ing and during administration of many anesthetics. 

(o) Narcotic Poisoning. If an individual has received an overdose of 
an opiate or a barbituric acid derivative, minute volume of breathing is 
reduced below normal, oxygen tension in the arterial blood falls and the 
•cbemoreceptors of the carotid and aortic bodies are activated. As narcosis 
becomes more profound, reflexes from the cbemoreceptors assume greater 


* It may be wondered how the same arterial blood is capable of producing cerebral 
anoxia without producing chemoreceptor anoxia. This may be satisfactorily explained 
by referring again to the unusual vascularity of the chemoreceptors which provides 
these bodies with arterial blood far in excess of their metabolic needs so that dissolved 
plasma O 2 alone is adequate for metabolic needs. In the brain, the blood flow is 
closely adjusted to the oxygen needs of the tissue, and consequently a decrease in Os 
content (without a compensatory increase in blood flow) will lead to an oxygen deficiency 
of this rapidly metabolizing tissue. 

t The fact that anoxia is purely depressant_to respiration and circulation has been 
established previously by numerous investigators using anesthetized dogs with dcnei^ 
vated chemoreceptors. However, different results have been obtained if the denervated 
dogs are unanesthetized or very lightly anesthetized. Under such conditions, anowa 
produces the expected depression of respiration, but this is followed in 2 to 5 minutes bj 
an increase above normal.^® This increased minute volume, however, is accomphshecl 
entirely by an increase in rate; depth being normal or decreased. Since the intact ani- 
mal responds to anoxia chiefly by an increased depth of breathing, the reaction of the 
denervated dog represents a distinctly abnormal rcspii'atory pattern. This ivspmise 
differs from that of man, and a species difference again appears to be involved. The 
presence of other as yet unidentified chemoreceptors in the dog (abdominal paraganglia, 
coccygeal bodj^ must be ruled out before a definite statement can bo made that the 
respirators' center, even in the dog, is capable of being stimulated directly by anoxia. 
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and greater importance. The chemoreceptors are stimulated more 
strongly by increasing anoxia at the same time that the respiratory center 
is being depressed by the narcotic. When a sufficient degree of central 
depression has been produced, these afferent impulses may be entirely 
responsible for the maintenance of respiration and perhaps circulation. 
The control of these ^dtal functions has shifted, in other words, from a 
delicate sensitive central regulation by CO 2 to a more primitive, resistant, 
peripheral reflex drive by oxygen lack. 

To the physician examining such an individual, this state of affairs 
may not be evident, unless two diagnostic and prognostic tests are made; 

(1) Inhalation of 5 to 10 % CO 2 in air. This will indicate the presence of 
central depression, since the rate and depth of breathing will not increase, 
and may even diminish because of the narcotic action of excessive CO 2 . 

(2) Inhalation of 100% oxygen. This will indicate the vital role of the 
chemoreceptors, since respiratory activity will be sharply depressed or 
may cease altogether, and blood pressure will fall. 

These two procedures will indicate to the clinician that the respiratory 
and circulatory status of his patient is precarious and that a marked degree 
of narcotic depression exists against which the rugged carotid and aortic 
chemoreceptors are standing alone. 

(6) Clinical Anesthesia. The same factors are at work in a patient 
breathing room air and anesthetized with pentothal, evipal, or avertin. 
Here, too, as anesthesia progresses, there is a shift in the control of respira- 
tion and circulation from the medulla to the chemoreceptors.^^ If the 
anesthetist is not aware of this shift, he may note only the fact that 
breathing and blood pressure are almost normal and may not appreciate 
the critical central depression. Failing to realize the significance or even 
the presence of anoxemia, he may be unprepared for cessation of respiration 
or sharp decline in arterial blood pressure following the addition of sub- 
sequent doses of the narcotic agent.®-'** 

The situation is analogous to that of a patient who has suffered moderate 
to severe hemorrhage but whose blood pressure remains practically normal 
as the result of powerful compensatory reflexes. An additional mild to 
moderate hemorrhage may at this point produce shock, because compen- 
satory factors are already functioning maximally. 

Cyclopropane would produce the same results as pentothal if it were 
administered with air instead of with high percentages of oxygen. Cyclo- 
propane depresses respiration profoundly only when a chemoreceptor reflex 
drive is prevented by the inhalation of high oxygen concentrations. Like- 
wise, if pentothal, avertin or evipal were accompanied by inhalations of 
100 % oxygen, the increased tension of oxygen in the arterial blood would 
prevent chernoreceptor activity from obscuring the true state of central 
depression. In this way the full narcotic depressant action would be 
continually evident and unexpected disasters would be diminished. Since 
(in the experience of certain Army groups) deaths follonfing pentothal 
sodium intravenously are 6 to 7 times more frequent than those following 
other anesthetics,** it appears that this knowledge is not generally appre- 
ciated. 

All narcotics, however, do not lead to anoxemia. Following the admin- 
istration of ethyl ether, vinethene, chloroform and ethyl chloride, the 
minute volume of breathing may not be depressed or may even be in- 
creased. All of these substances depress medullary centers directly but 
fail to produce depressed breathing and arterial anoxemia because of the 
presence of a variety of specific stimulant actions. If these agents are 
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administered together with a high concentration of oxygen, no reflex 
chemoreceptor drive can be expected. However, these drugs are irritant 
in varying degrees to the respiratory mucosa, and may set up reflex drives 
over the vagus nerves.®^ There is, furthermore, evidence that ether, at 
least, may initiate afferent impulses in muscles.^® Finally, Heinbecker=® 
and Adrian^ feel that ether may even have some direct stimulant action in 
the central nervous system. Whatever the ultimate site of such stimula- 
tion, the fact remains that anoxemia does not commonly accompany the 
administration of these anesthetics (unless respiratory obstruction of some 
nature occurs), and increased chemoreceptor activity is therefore not a 
factor. 

It is thus apparent that in anesthesia the chemoreceptors may be of 
the utmost significance or may play no r61e at all. When arterial anoxemia 
does exist together with narcosis, impulses from the carotid and aortic 
bodies contribute a great deal towards the maintenance of body function, 
more perhaps than in any other clinical condition. 

2. Anoxia Associated, With Inhalation of Gases With a Low Oxygen Ten- 
sion. This is exemplified by an indi^ddual breathing low oxygen mixtures at 
sea level, or by an aviator breathing air at high altitudes. The importance 
of the chemoreceptors increases progressively with the degree of anoxia. 
Thus, at an oxygen concentration of 18 % in the inspired air (corresponding 
to an altitude of 3900 feet), practically no evidence of carotid or aortic body 
activity can be adduced. Most individuals show no increase in respiratory 
minute volume until a concentration of 14 to 16% oxygen is reached 
(6900 to 11,000 feet). A few subjects do not even respond to inhalation 
of 10% oxygen (18,000 feet), although at this level most men increase 
their respiration by 25 to 35 %.^ As the severity of the anoxia increases, 
the respiratory and circulatory responses may become quite marked. 
Horvath et al.^ reported 1 indi^^dual whose respiratory minute volume 
rose to 65 liters during the inhalation of' a 4.2 % oxygen mixture. (Even 
at these low oxygen concentrations, widespread individual variation was 
noted, ranging from 8 to 65 liters per minute). 

At least three major factors are concerned in the response to anoxia. 
Only one of these, the chemoreceptor reflex, is stimulatory to the medullary 
centers; the other two decrease central reactivity. Of the factors tending 
to depress the centers, one is a direct action by the anoxia per se. The 
other is an indirect effect of anoxia: When the chemoreceptor response 
has produced a %dgorous hyperpnea, CO 2 is “blo'wn off” and so arterial 
CO 2 tension is lowered. This leads to decreased function of the medullary 
centers and so tends to limit the full magnitude of the stimulant phase 
of anoxia. It also leads to a shifting of respiratory control from the 
medullary centers to the chemoreceptors, as in narcotic poisoning. 

Severe anoxia produces marked stimulant effects (reflexly), but it pro- 
duces correspondingly great direct central depression and marked decrease 
in arterial CO 2 tension. It is for this reason that respiratory failure and 
circulatory collapse may occur when 100 % O 2 is inhaled by men who had 
been breathing very low oxygen mixtures. This response has been termed 
“oxygen apnea” or “oxygen blackout.”®® The sudden -withdrawal 
of the stimulant factor (chemoreceptor reflexes) by the aljrupt rise jn 
arterial oxygen tension reveals the presence of the other two factors (direc 
and indirect depression of the medullary centers). Respiratory and circu- 
latory depression continue until the arterial CO 2 tension rises and/or un i 
the central effects of ano.xia have been overcome. 
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Mild anoxia produces only slight stimulant effects (reflexly) and, unless 
very prolonged} does not produce significant depression (centrally). Con- 
sequently, administration of 100% oxygen to individuals only mildly 
anoxic is rarely followed by any dramatic change. Even subjects breath- 
ing 10 % oxygen for short periods of time show only temporary depression 
of breathing when shifted to high oxygen concentrations. Minute volume 
of respiration does fall below normal but only for 60 to 90 seconds tending 
to level off promptly at a figure close to normal.^® 

It should be emphasized that moderate anoxemia of long duration 
produces a physiologic state that is closely related to that caused by 
severe anoxia lasting for shorter periods. It has been demonstp,ted by 
Barach® that in patients with chronic anoxia (cardiac decompensation, 
pulmonary fibrosis, chronic bronchitis) the administration of high oxygen 
mixtures might be followed by a “state of stupor, with irrationality when 
aroused, lasting for 1 to 5 days.” These patients seem to have made 
some adaptation to their anoxic states (the nature of which remains 
obscure, although it may be related to a chemoreceptor drive to the cere- 
bral cortex or to a compensatory cerebral vasodilation). In any event, 
the use of high oxygen concentrations leads to deterioration of mental 
function, and treatment should begin with 30 to 40% oxygen. These 
patients, interestingly enough, do not develop oxj’-gen apnea when given 
100% oxygen, probably because of vagal respiratory stimulant reflexes 
arising in the diseased lungs. 

3. Anoxia Associated With Pathologic Changes in the Lungs. These 
states are even more involved than those previously discussed. In addi- 
tion to carotid and aortic body reflexes aroused by oxygen deficit, and the 
central depression outlined above, other factors must be mentioned.’®'^®'®^ 
Most important of these are the Hering-Breuer or vagal lung reflexes 
activated by unusual distention or collapse of the pulmonary alveoli. 
These reflexes play a large part in the production of various clinical 
dyspneas, particularly in asthma, emphysema, pulmonary congestion, and 
edema. They are initiated by local changes in the lungs and tend to- 
stimulate respiration regardless of the presence or absence of anoxia. 
Other causes for respiratory stimulation may be sought in the presence of 
fever (see page 691) or acidosis (see page 690), both of which are accom- 
panied by increase in minute volume of breathing. Finally, in certain 
pulmonary conditions there may be an elevated CO 2 tension, c. g., em- 
physema. 

Of these five or six mechanisms, which together are responsible for the 
increased breathing associated with pulmonary disease, only one, the 
chemoreceptor drive initiated by anoxia, null be affected by oxygen ther- 
apy. Since this reflex plays a relatively minor role in the cause of clinical 
hyperpneas,^®'®^ removal of this drive may not be followed bj'^ any clini- 
cally detectable diminution in respiratory effort. The clinician is thus 
faced with the paradox of an anoxic, hyperpneic patient, in whom the 
correction of the anoxia leaves the hyperpnea seemingly unchanged. 

This may be explained on the following basis: The hyperpnea caused 
by the degree of anoxia commonly seen clinically is not marked. The 
inhalation of 10 % oxygen causes a 25 to 35 % increase in minute volume, 
and reduces arterial oxygen saturation to 70 to 80%. Since the arterial 
oxygen saturation of patients with cardiorespiratory disease does not as 
a rule fall below 70 %, it is e^ddent that the degree of anoxia seen in these 
disorders produces only small increases in respiratory minute volume 
(rarely sufficient to cause a subjective sensation of dyspnea). Removal 
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of this anoxic factor leaves other powerful respiratoiy stimulant actions 
unaffected, and leads one to conclude that the chemoreceptors are not of 
prime importance in the production of clinical dyspnea. 

Because of the many complicating factors that may and usually do 
enter into the clinical picture of anoxia, the response of the anoxic patient 
to oxj^gen therapy may appear to be unpredictable and capricious. It is 
hoped that a clear understanding of the mechanisms discussed above will 
enable the clinician to evaluate the physiologic state of his patient. In 
this regard, two points deserve special emphasis: (1) The absence of cir- 
culatory or respiratory changes following inhalation of oxygen does not 
mean that oxygen is without value. Ox^ygen inhalation often abolishes 
cj^anosis without reducing dyspnea. (2) The occurrence of respiratory 
or circulatory depression following oxygen administration does not call for 
an abandonment of this type of therapy. However, one must be prepared 
for such a response and must carry on respiratoiy gas exchange artificially 
for a while, if necessary. Anoxemia is a serious threat to central nervous 
system and myocardial function. The longer oxj'gen lack exists, the more 
likelihood there is of permanent cell damage. 

Increased Acidity. It has been thought for many years that the regu- 
lation of normal and abnormal respiration is accomplished by the pH 
of the arterial blood acting centrally or by the pH in the cells of the 
respiratory center itself. Two things have occurred in the last few years 
which appear to invalidate this hypothesis: one was the recent demon- 
stration that respiration is not nearly so sensitive to changes in pH* as 
formerly believed^'-** and the other was the discovery that the carotid 
bodies (and presumably the aortic bodies as well) do respond to changes 
in arterial pH and apparently are capable of producing a response equal 
to that of the entire organism. It should be pointed out that the evidence 
on this score is far from satisfactory, for the simple reason that it is a 
difficult matter to increase blood acidity without producing simultaneous!}' 
a change in arterial pC 02 because of the chemical reaction between acid 
and bicarbonate. For this reason, it is difficult to evaluate those experi- 
ments in which either the brain®^ or the carotid bodies^ have been per- 
fused with acidified blood, and it has been found necessary to perfuse the 
chemoreceptors with saline solutions (without NaHCOs) in order to deter- 
mine quantitatively the uncomplicated effects of acidity upon them. 
Schmidt, Comroe and Dripps®^ performed such experiments in 1939, but 
since saline perfusions of an organ are admittedly abnormal, the results 
obtained probably do not indicate the true sensitivity of the ehemo- 
receptors. Nevertheless, it was slio^vn that respiration and blood pressure 
were increased by decrease in pH of as little as 0.1 unit and were augmented 
markedly (200 to 300%) by a decrease in pH of 0.4 unit. 

The degree of sensitivity of the respiratory center or of the chemorecep- 
tors of man to changes in pH is still uncertain, though there is reason to 
believe that the response is slight with small changes in pH, yet ma}’ be 
marked with definite uncompensated acidosis. Nielsen"*^ found an increase 
of only 0.7 L. per minute with a pH decrease of O.OS unit, and Dennig 
ct alP observed an increase of 3.1 L. with a drop of 0.2 pH unit in man. 

The conditions in which uncompensated acidosis most frequently occurs 

* Tlie recent experiments of Banus el al.- purporting to show an extreme sensitivity of 
the respiratory center to pH changes, cannot be accepted because of tlie fact that not a 
single control experiment was performed. Since animals anesthetized with barbital 
tend gradually to come out of anesthesia, increased respiration is to be expected over a 

period of time. 
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are diabetic coma, terminal nephritis, dehydration or starvation, ammo- 
nium chloride administration and severe muscular exercise; arterial pH 
may be lowered just perceptibly or may fall as low as pH 6.98.*^ In view 
of the great interest of both respiratory physiologists and clinicians in 
acidosis, it is amazing to see how few simultaneous measurements of 
arterial pH and respiratory minute volume have been made in patients. 
The Kussmaul breathing of acidosis has been frequently mentioned but 
rarely measured. In' cases of severe diabetic or nephritic acidosis with 
definite fall in arterial pH, respiratory minute volumes of lO.G,"*® 11.4^^ or 
as high as 55 L. per minute'*^ have been recorded. It is possible that this 
response may be attributable wholly or largely to chemoreceptor activity 
(though occasionally complicating factors such as fever, pneumonia, or 
even circulatory failure may contribute to the hyperpnea). In this regard 
a very interesting observation is that of Schecter,'*® who reported circula- 
tory collapse following intravenous administration of alkali to patients 
with severe diabetic acidosis. In light of present knowledge, this may be 
explained by postulating a depressant action of uncompensated acidosis 
upon the vasomotor centers counteracted only by reflex stimulation due to 
the action of decreased pH upon the chemoreceptors ; when the reflex 
stimulation is suddenly withdrawn, due to rapid infusion of NaHCOs, the 
depressed centers are unable to function properly and circulatory failure 
occurs. Viewed in this way, this accident becomes wholly analogous to 
the “oxygen apnea” produced by oxygen administration in an anoxic 
individual (see page 688). 

Clinically, therefore the possibility exists that the hyperpnea seen in 
various types of acidosis may be caused by carotid and aortic body re- 
flexes. Further experiments along this line are indicated. 

Fevek. It has been demonstrated clearly in dogs by Bernthal and 
Weeks’^ and by Schmidt, Comroe and Dripps^^ that warming the chemo- 
receptors 3° to 4° C. above normal body temperature results in a 33 to 
70% increase in respiratory minute volume; cooling the carotid bodies 
depresses respiration and blood pressure. This respiratory stimulation is 
characterized by an increase in both rate and depth of respiration and 
hence is not related to the shallow panting respiration commonly seen in 
dogs in hot weather. Increased body temperature might also increase 
respiration in other ways : (a) by stimulation of cerebral centers cephalad 
to the medulla, (6) by increase in metabolism of the medullary respiratory 
centers, and (c) by decrease in blood pH resulting from the effect of heat 
upon blood as a physicochemical system.^® 

It is unlikely that the portion of the hj-perpnea of fever (acute infections, 
severe muscular exercise, and so on) contributed by the carotid and aortic 
bodies will ever be determined in man. It seems possible, however, that 
as in anoxic states, the role of the chemoreceptors in febrile conditions 
may become more important during narcosis. This is of particular inter- 
est to an anesthetist who commonly uses the to-and-fro carbon dioxide 
absorbing closed system methods for administering inhalation anesthetics. 
The temperature of the inspired air rises as anesthesia progresses due to 
conservation of body heat (by the closed system) and to the generation 
of heat by the chemical reaction of soda lime with CO 2 . Consequently, 
rise in body temperature may occur in the anesthetized patient and may 
contribute, by chemoreceptor reflexes, to the respiratory and circulatory 
stimulation often obser\’ed. 

Increased Carbon Dioxide Tension. It has been well established-®’^ 
that an increase in CO 2 tension acting upon the chemoreceptors will re- 
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flexly increase respiration, pulse rate, blood pressure and vasomotor tone. 
It is equally well established that this response requires an increase in 
CO2 tension far in excess of that required to stimulate the medullary cen- 
ters. Therefore small to moderate increases in arterial CO2 tension will 
stimulate respiration and circulation without the aid of carotid or aortic 
body activity. 

One might assume that the chemoreceptors, being highly resistant 
structures, would respond to an elevated arterial CO2 tension (as well as 
to anoxemia) after the medullary centers had become so depressed by 
narcosis or anoxia as to be unable to respond to CO2. However, the 
response of the chemoreceptors to increased CO2 is not only relatively 
weak, but appears also to be depressed by the same conditions that 
depress the central CO2 response. In this respect, the response of the 
chemoreceptors to increased CO2 differs from that to anoxia. Conse- 
quently high concentrations of CO2 do not stimulate reflexlj^ in a subject 
vnth depressed centers, and may actually further depress these centers 
through a direct narcotic action. 

From the clinical standpoint, it is apparent that the carotid and aortic 
bodies are relatively unimportant as far as response to CO2 is concerned. 
The threshold of the chemoreceptors is too high and, as CO2 tension 
increases in the blood, it is a central rather than a peripheral stimulation 
which is of major concern. 

Action of Drugs. The first indication that chemoreceptor reflexes 
were concerned in drug actions was the demonstration by Heymans in 1927 
that nicotine could stimulate respiration through reflexes arising in the 
aorta. Since then a number of other drugs have been found to act on both 
the carotid and aortic .bodies.* Cyanides, sulfides, lobeline, potassium 
salts, a variety of choline derivatives, and Nikethamide ean all be shown 
to stimulate these end-organs. As far as the mechanism of action is 
concerned, some facts are evident. The action of cyanide and sulfide 
is essentially the same as anoxia, these drugs producing oxygen lack 
through paralysis of cellular respiratory enzymes. Potassium apparently 
is stimulant to all nerve cells and endings in the body, and its effect on 
chemoreceptors is one manifestation of this property. Nicotine, lobeline 
and those choline derivatives ivith a nicotine-like action, stimulate ganglion 
cells throughout the body and may stimulate similar cells believed to 
occur in the carotid and aortic bodies, though recent cytologic studies of 
Hollinshead indicate that these “ganglion cells” are not nerve tissue but 
specific “sensory cells. 

Certain of the drugs acting upon the chemoreceptors are important to 
the clinician; 

1 . Several of these drugs have been used to test arm-to-carotid circula- 
tion time. The characteristic response of the carotid and aortic bodies 
to the intravascular injection of stimulant drugs is a gasp. This gasp 
can readily be detected clinically, and forms the basis for an objective 
test of circulatory velocity. i**®® The drugs (cyanide or lobeline) are 
injected intravenously, and the onset of the respiratory response noted. 

* We must stress again the difference between carotid sinus-aortic arch pressure 
receptors and the carotid and aortic body chemoreceptors. It is extremely unlikely that 
drugs act on pressure receptors. Their very nature as stretch organs indicates a response 
to distention ratlier than to pharmacologic agents. Despite this, two inaccuracies are 
current in the clinical literature: (1) drug action on the carotid sinus and aortic arch 
mechanisms are described on the basis of very sketchy evidence, and (2) authors fail to 
indicate whether a particular drug action discussed is attributable to the chcmo- or 
pressoreceptors. 
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The time necessary to transport the drugs from the site of administration 
to the chemoreceptors is a measure of the speed of the circulation. ' Recent 
evidence indicates that papaverine, another substance used to measure 
circulation time, also produces its characteristic respiratory response 
reflexly through an action on the chemoreceptors.^® 

2. Lobeline has been used in an effort to stimulate breathing in newborn 
infants who are slow to assume normal respiratory activity immediately 
after birth. The action of the drug, as far as respiratory stimulation is 
concerned, is upon the chemoreceptors. Because of this, whatever stimu- 
lation occurs will be brief and is of value only as a sudden “kick” to a 
sluggish respiratory center. However, its ability to produce a few gasps 
may aid materially in expanding atelectatic lungs.®® Prolonged stimulation 
from a single dose of lobeline cannot be expected, and repeated doses 
should not be given because of the danger of producing depression. 

3. Cyanide poisoning; Hydrocyanic or prussic acid blocks oxygen 
uptake in cells through paralysis of intracellular oxidation. The hemo- 
globin may be saturated with oxygen; oxygen tension may be normal in 
the arterial blood, yet tissue death occurs from cellular (histotoxic) anoxia. 
Initial respiratory and circulatory stimulation are clinical characteristics 
of cyanide toxicity, and this response is due to a cyanide action of the 
chemoreceptors. It should be pointed out that only very small doses of 
cyanide are utilized in the circulation test described above, and that only 
a transient cellular anoxia is produced in the chemoreceptors, or elsewhere, 
since cyanide is very rapidly detoxified in the body. 

4. The statement has been made that Heymans believed atropine to be 
depressant to the carotid reflexes. This is an error in interpretation, and 
has resulted in some erroneous clinical beliefs. Actually, Heymans stated 
that atropine blocked the cardiac vagus and so prevented the cardiac 
slowing which otherwise followed stimulation of the carotid sinus. In 
1941, Burstein^^ concluded that atropine and scopolamine depressed chemo- 
receptor response and that the use of these drugs, so commonly employed 
in the preoperative period was hazardous. Phelps also regarded atropine 
as a depressant to the chemoreceptors.^® Evidence that atropine has no 
action on the chemoreceptors was provided by Schmidt and Comroe.^® 
Burstein’s results are not questioned, but they can be explained on an 
entirely different basis. Atropine should therefore not be regarded as 
depressant to the carotid and aortic bodies. 
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Virus Diseases in Man, Animal and Plant. A Survey and Reports Cover- 
ing the Major Research Work Done During the Last Decade. By Gustav 
Seiffert. English translation by Marion Lee Taylor, Ph.D. Pp. 332; 
7 figs.; 7 tables. Published upon recommendation of the National Research 
Council. New York: Philosophical Library, 1944. Price, $5.00. 

This book is a fairly complete review of the more important works in the 
vast literature on virus research up to about the year 1937. The aim of the 
author is to present an introduction into the virus field for those who wish to 
study it quite thoroughly. References are made to reviews or important 
publications on each virus and virus disease covered in the text. 

The text embodies 5 divisions: (1) a general concept of viruses and virus 
diseases; (2) specific virus diseases (some covered completely, others merely 
mentioned); (3) virus-like organisms, including the Rickettsia, Bartonella, 
Pleuropneumonia and others; (4) filterable types of bacteria; and (5) methods 
of virus investigation. (This is recognized as incomplete by the author.) 

The rapid advances in virus research since 1937 seems to call for a more 
recent review text of this type to supersede or supplement this text, although 
many of the fundamentals of knowledge on virus diseases were uncovered 
before this publication. In some parts the text is awkward and not clearly 
presented, probably because of a too literal translation by someone not too 
familiar with virus or medical terminology. The references to other publica- 
tions were not without error. While not complete, however, this review text 
does give the student of viruses (vira) an insight into the important advances 
in his field. F, E. 


The Diet Therapy of Disease. A Handbook of Practical Nutrition. By 
Louis Pelnbr, M.D., Assistant Attending Physician, Long Island Hospital, 
Greenpoint Hispital, and Brooklyn Cancer Institute; Gastroscopist, Beth 
Moses Hospital; Lecturer, Post-Graduate Course in Gastroenterology, under 
the charge of Dr. S. A. Seley. Pp. 143. New York: Personal Diet Service 
1944. Price, $3.75. 

'‘The Diet Therapy of Disease” is, as the author states in his Preface, a 
somewhat ambitious title for this book. It is rather a compilation of some 
of the diets that are used by the Personal Diet Service of which the author is 
editor. The book contains 44 diets for some 25 different conditions, each 
being preceded by a short r4sum4 of the physiology of the disease. The con- 
cise form of the diets and the ease with which they can be understood may be 
of some value to the busy practitioner, but the preliminary discussions are 
cdnfused, contradictory, and filled with grammatical errors. Not all of this 
can be blamed on poor type-setting or careless proofreading; for instance, the 
author speaks (p. 16) of certain essential fatty acids “such as arachidonic and 
perhaps linoleic and linoleic acids” when he obviously intends one of them 
to be linolenic. It seems to the Reviewer that little excuse can be offered for 
the publication of such a book. E. B. 


The Microscope. By R. M. Allen. Third printing. Pp. 286; 17 plates- 
82 figs. New York: D. Van Nostrand, 1944. Price, $3.00. ’ 

The medical sciences owe a tremendous debt to the microscope. Many of 
their advances could not have been made without it. This book has been 
VTitten in such a way that the theory and manipulation in microscopy might 
be understood by even those with little technical training. The author has 
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not intended the text to be an encyclopedia on microscopy and so treats only 
the essential details on each subject. 

There are chapters on the historical background, optical principles, descrip- 
tions and analyses of the types of modern instruments, methods of illumination, 
methods for testing microscope objectives, how to get the most out of a micro- 
scope and preparation of material- for microscopic examination. One of the 
most instructive is the chapter on Getting the Most Out of the Microscope. 
The author presents hints for both the beginner and expert on how to increase 
the potentialities of his microscope. 

Here is a book that would be of great value to everyone who uses a micro- 
scope in his work. It could act as a guide in the choice of a new instrument as 
well as in testing the value of his laboratory equipment. By following the 
principles suggested by the author, one could easily increase the value of his 
standard equipment and his ability in its use. A text of this type could have 
tremendous value in teaching institutions where the fundamentals of micros- 
copy should be implanted correctly. This book should be had in all teaching 
and research laboratories as a guide in the technique of microscopy. F. E. 


Photo-Micrographt. By R. M. Alren. Pp. 265; 50 plates; 175 figs. 

New York; D. Van Nostrand, 1941. Price, S5.50. 

Evertone in science who uses a microscope in his work has at one time or 
other come upon some microorganism, some field in a histologic section, or 
pathologic lesion, a chemical crystal or other microscopic structure which he 
would like to include in his permanent records. In answer to his needs the 
author of “The Microscope” has written an authoritative text which explains 
all the fundamentals in photography as taken through a microscope. It is 
not written in complicated terminology but in a way that all scientific workers 
can understand and apply the methods explained. 

There are chapters on fundamentals, modern equipment, homemade equip- 
ment, technique of photomicrography, special applications ranging from 
metallography through to the electron microscope, microphotography (micro- 
film), photographic processes, materials and equipment, as well as a series of 
50 representative photomicro^aphs showing what can be done in many fields 
by applying methods as described in the text. 

This text should be of great use for all laboratories using photography in 
their microscopic work. Especially important for most laboratories are the 
sections on “Homemade Equipment” and “The Technique of Photomicrog- 
raphy.” It is not every laboratory that can afford the complete equipment 
or a full-time photographer trained in such methods. Here is a book giving 
the methods and techniques that one can use to complete a microphotographic 
set-up for his own laboratory with the minimum time and effort as well as to 
train himself to become highly proficient in photomicrography. This book 
cannot be too highly recommended. F. E. 


A Bio-bibliographt op Andreas Vbsalios. By Harvet Cushing, M.D.; 
Preface b 3 ’^ John F. Fulton, M.D. Pubhcation No. 6— Historical Library 
of Yale Medical Library. Pp. 229; 89 figs. New York: Schuman, 1943. 
Price, S15.00. 

The Harvey Cushing Collection of Books and Manuscripts. Publica- 
tion No. 1 — Historical Library of Yale Medical Library; Preface by John F. 
Fulton, M.D. Pp. 207. New York: Schuman, 1943. Price, S8.50. 
Lovers of beautiful books and devotees of the history of medicine had good 
reason to mourn when Paul Hoeber passed from the scene. Now, however, 
they have equally good grounds for hope that a similar r61e may be filled by 
Schuman’s of New York. Certainly these two Cushing books — both publica- 
tipns of the Historical Library of the Yale Medical Library — set a standard of 
distinction and excellence that leaves little to be desired. 

The Bio-bibliographj' of Andreas Vesalius — the more important of the two — 



BOOK KEVIEWS AND NOTICES 


697 


is the fruition of Dr, Cushing’s many years of study of the man and his works. 
In the Preface, Dr. Fulton dates this interest from 1898 or earlier; incidentally 
I recall, some years after that, Cushing mentioning that he hoped he might 
some day produce an English translation of the Fabrica. This was not to be, 
and even the Bio-bibliography, which he hoped to have published for the 
quadricentennial of the Fabrica, was apparently far from finished at his death 
in 1939. We, and the book itself, owe much therefore, to Drs. Fulton, Francis 
and Castiglioni, Mrs. Peters and others for completing, revising and editing 
the text. In spite of these diflficult times, they have attained Dr. Cushing’s 
goal of publication in 1943, the Vesalius Anniversary year. 

We are given a good background of preliminary pages to prepare us for the 
Bio-bibliography proper. Following a sensitive and appreciative Preface by 
Pulton, the author offers a characteristically lively apologia— would that it 
had been longer! Next come a few pages to “place” Vesalius (but why call 
them Bio-bibliography?); more on Vesalius and Calcar, and Cardan’s Horo- 
scope of Vesalius, and then the main text. This is divided into chapters, one 
for each of Vesalius’ 7 works; one (by Castiglioni) on Fallopius and Vesalius, 
and one on Vesaliana compiled by Mrs. Peters. Valuable to all who are 
interested in Vesalius — and what lover of medical history is not? — this book 
becomes an absolute necessity for students of that great figure. 

The second volume, a short title catalogue of the Harvey Cushing Collec- 
tion of Books and Manuscripts, now in the Medical History branch of the Yale 
Library, was made possible by a bequest in Dr. Cushing’s will. When the 
Catalogue is supplemented, as is the intention, by similar catalogues of the Edebs 
and Fulton collections in the same library, a tool for students of medical history 
both in and outside of New Haven will have been created that will be equal to 
or perhaps even surpassing the celebrated Bibliotheca Osleriana. The items are 
divided into 5 classes: Manuscripts, Orientalia, Incunabula, General Works 
(comprising the great bulk of the contents), and Cushing Memorabilia. The 
job has been carefully done by trained librarians; unavoidable inconsistencies 
are recognized and avoidable ones avoided. Frequent citations to this or that 
reference work are given for those seeking fuller details, in the case of items 
published before 1800. Thus is one more item added to Yale’s beautiful 
Medical History Library on the road toward fulfilling its destiny as a focus for 
productive scholarship. E. K. 


Fundamentals of Psychiatry. By Edward A. Strecker, M.D., Sc.D., 
F.A.C.P., Professor of Psychiatry and Chairman of the Department, School 
of Medicine, Univ. of Penna.; Psychiatrist to the Pennsylvania Hospital; 
Attending Psychiatrist, Philadelphia General Hospital; Consultant to the 
Bureau of Medicine and Surgery, tJ.S.N. ; Consultant to the Secretary of War, 
A.A.P. Second ed. Pp. 219; 16 figs. Philadelphia, London, Montreal: 
J. B. Lippincott, 1944. Price, $3.00. 

The 2nd edition of this little book needs no revision. It is a concise and 
well-written account of the psychosis and psychoneuroses as they occur in 
peace and war. The chapter on classification should help all those not well 
versed in the nomenclature of mental illness. A glossary of terms, uniquely 
printed on the end papers, is most useful. The value of the book is in inverse 
proportion to its pocket size. H, S. 


The American Illustrated Medical Dictionary. By W. A. Newjian 
Dorland, A.M., M.D., F.A.C.S., Lieut. Colonel, M.R.C., U.S.A.; Member 
of the Com. on Nomenclature and Classification of Diseases of the Ameri- 
can Medical Association; Editor of “American Pocket Medical DictionarjL” 
With the collaboration of E. C. L. Miller, M.D., Medical College of Virginia 
Twentieth ed. Pp. 1668; 885 iUus.; 240 portraits. Philadelphia and Lon- 
don: W. B. Saunders, 1944. Price, plain— $7.00; Thumb-indexed— $7.50. 
Perusal of successive editions of our leading medical dictionaries invariably 
produces in this reader the same two responses: (1) what accurate, up-to^ate. 
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inclusive and conveniently helpful’ books they are; (2) how difficult it is to 
make a choice between them. This latest edition of “Borland” contains 
hundreds of new words not to be found in any other similar work, but the same 
could probably be said of “Stedman,” if a new edition should happen to come 
out in the next year or two. It is also noteworthy that the terminology in 
this edition conforms to that of “The Standard Nomenclature of Diseases. and 
Operations.” "Borland's” specializes on useful lengthy groupings of many 
items, often eponymic, in such categories as Diets (2 columns). Diseases 
(13 columns), Methods (14 columns), Syndromes (10 columns), and so on. 
A list of these and of Tables used occupies a full page just after the Preface. 
Naturally, many of these words included have never been of any importance 
and may be quite obsolete, but these may be just the ones that are hardest to 
trace elsewhere; and it should be remembered that a dictionary exists primarily 
to inform the seeker and not to educate. 

Twenty editions in 45 years go far toward demonstrating not only the need 
for such books but also the rapid progress of a science that requires such fre- 
quent revisions, and the value of such a nest egg for a medical publisher! 

E. K. 


Vascular Responses in the Extremities of Man in Health and Disease. 

By David I. Abramson, M.D.,F.A.C'.P. Pp. 412; 59 figs.; 4 tables. Chicago 

Univ. of Chicago Press, 1944. Price, S5.00. 

This is a splendid contribution to a rapidly Rowing field. The author has 
used a dynamic approach which permits critical judgment on therapeutic 
measures from the functional standpoint. Various forms of treatment can 
now be evaluated on the basis of sound pharmacologic and physiologic grounds 
rather than on the more empirical and less scientific clinical approach. The 
book should prove a great stimulus to investigators of normal and abnormal 
circulation. Experimental methods are outlined critically, and gathered 
together for the first time. 

For the clinician, there is perhaps insufficient detail in the sections desig- 
nated “ clinical application.” In many of these, drugs are considered without 
dosage schedules {e. g., the use of papaverine as a vasodilator) in the case of 
hypertonic saline solution the amount to be employed is not given, etc. A 
more complete outline of the various therapeutic measures suggested would 
be helpful. R- D. 


NEW BOOKS 

Malaria: Its Diagnosis, Treatment and Prophylaxis. By William N. Bisp- . 
HAM, Colonel, U. S. Army, Retired. Pp. 197. Baltimore; Williams & 
Wilkins, 1944. Price, S3.50. ' 

Plaster of Paris Technic. By Edwin 0. Geckeler, M.D., Associate Professor 
of Orthopaedic Surgery, and Chief of the Fracture Service, Hahnemann 
Med. Coll, and Hosp., Philadelphia; Fellow of the Am. Coll, of Surgeons, 
Fellow of the Am. Acad, of Orthopaedic Surgeons, Fellow of the Am. Assn, 
for the Surgery of Trauma, Diplomate of the Am. Board of Orthopaedic 
Surgery. Pp. 220; 208 figs. Baltimore: Williams & Wilkins, 1944. 
Price, S3.00. 

The Urinary Tract. A Handbook of Roentgen Diagnosis. By H. Dabney 
ICbrr, M.D., Professor of Radiology, State Univ. of Iowa Coll, of Med., 
and Carl L. Gillies, M.D., Associate Professor of Radiology, State Univ. 
of Iowa CoU. of Med. Pp. 320; numerous figs. Chicago: Year Book 
Publishers, 1944. Price, 55.50. 

Poisonous Plants of Hawaii. By Harry L. Arnold, M.D., Honolulu. Pp. 71; 

24 plates. Honolulu, Hawaii: Tongg Publishing Co., 1944. 

Hipertension Arterial Nefrogena. By Eduardo Braun-Menendez, Juan 
Carlos Fasciolo, Luis F. Leloir, Juan M. Munoz, and Alberto C. 
Taquini. Institute de Fisiologia de la Facultad de Ciencias Medicas de 
Buenos Aires; Institute de cardiologia Fundacion V. F. Grego. Pp. 462; 

93 figs. Buenos Aires; Liberia y Editorial "El Alteneo,” 1943. 
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Cataract and Anomalies of the Lens. Growth, Structure, Composition, Metab- 
olism, Disorders, and Treatment of the Crystalline Lens. By John G. 
Bellows, M.D., Ph.D., Assistant Professor of Ophthalmology, North- 
western Univ. Med. School, Chicago. Pp. 624 ; 208 figs.; 4 color plates. 
St. Louis; Mosby, 1944. Price, $12.00. 

Advances in Protein Chemistry. Edited by M. L. Anson, Continental Foods. 
•Hoboken; John T. Edsall, Harvard Med. School, Boston; and 9 Contribu- 
tors. Vol. 1. Pp. 341; numerous figs and tables. New York: Academic 
Press, 1944. Price, $5.50. 

Vitamins and Hormones. Advances in Research and Applications. Edited 
by Robert S. Harris, Associate Professor of Nutritional Biochemistry, 
Massachusetts Inst, of Technology, Cambridge, Mass.; ILbnneth V. Thi- 
^JLA.NN, Associate Professor of Plant Physiology, Harvard Univ., Cambridge, 
'Mass. Vol. 2. Pp. 514; numerous figs, and tables. New York; Academic 
Press, 1944. Price, $6.80. 

A Textbook of Pathology. Pathologic Anatomy in Its Relation to the Causes, 
Pathogenesis, and Clinical Manifestations of Disease. By Robert Allan 
Moore, Edward Mallinckrodt Professor of Pathology, Washington Univ. 
School of Med., St. Louis. Pp. 1338; 513 figs.; 34 in color. Philadelphia 
and London, Saunders, 1944. Price, $10.00. 

Our American Babies. The Art of Baby Care. By Dorothy V. Whipple, 
M.D. Introduction by C. Anderson Aldrich, M.D., Chief of Staff, The 
Children’s Memorial Hosp., Chicago. Pp. 367 ; numerous figs, and tables. 
New York: M. Barrows, 1944. Price, $2.50. 

Women and Men. By Amram Scheinfeld, Author of “You and Heredity.” 
Pp. 453. Illustrations by the Author. New York; Harcourt, Brace, 1944. 
Price, $3.50. 

An intelligent, and apparently accurate presentation for the laity. 

The Medical Clinics of North America. Symposium on Specific Methods of 
Treatment. The Boston Number. 22 Contributors. Pp. 1292; 96 figs. 
Philadelphia and London: Saunders, 1944. 

Surgery of the Hand. By Sterling Bunnell, M.D., Honorary Member of 
Am. Acad, of Orthopedic Surgeons, Member of Am. Assn, of Plastic Surgeons 
and of Am. Soc. of Plastic and Reconstructive Surgery, Licentiate of Am. 
Board of General Surgery and Plastic Surgery. Pp. 734; 597 illus. Phila- 
delphia, Lippincott, 1944. Price, $12.00. 

Mitosis. The Movements of Chromosomes in Cell Division. By Franz 
Schrader, Professor of Zoology, Columbia Univ. Pp. 110; 15 figs. New 
York: Columbia Univ. Press, 1944. Price, $2.00. 

We are unimpressed. D. C. 


NEW EDITIONS 

Diseases of the Digestive System. Edited by Sidney A. Portis, B.S., M.D., 
F.A.C.P., Associate Professor of Medicine, Univ. of Illinois Med. School 
(Rush); Attending Physician, Michael Reese Hosp.; Consulting Physician, 
Cook County Hosp.; Consultant in Medicine to the Inst, of Psychoanalysis, 
Chicago. Second Ed. Pp. 932; 182 illus. Philadelphia: Lea & Febiger, 
1944. Price, $11.00. 

The Radiology of Bones and Joints. By James F. Brailsford, M.D., Ph.D., 
F.R.C.P., F.I.C.S. Third Ed. Pp. 440; 404 illus. Baltimore: Wmiarns 
& Wilkins., 1944. Price, $12.00. 

The Diseases of the Endocrine Glands. By Hermann Zondek, M.D. (berlin). 
Director of the Medical Dmsion, Bikur Cholim Hosp., Jerusalem; Late 
Extraordinary Professor of Medicine in the Univ. of Berlin and Director of 
the Medical Dmsion of the Krankenhaus Am Urban in Berlin. Translated 
by Carl Prausnitz Giles, M.D. (brbsiuVu), M.R.C.S. (eng.), L.R.C.P. 
(lond.), Late Honorar}'^ Research Fellow, Victoria Univ. of ^Manchester; 
Late Professor of Hygiene and Bacteriologj^, Univ. of Breslau. Fourth 
(second English) Ed. Pp. 496; 178 figs. Baltimore: Williams & Wilkins 
1944, Price, $11,00, ' 
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Recent Advances in Anxsthesia and Analgesia (Including Oxygen Therapy). 
By C. Langton Hewer, M.B., B.S. (lond.), D.A. (eng.). Fifth Ed. 
Pp. 343; 141 figs. Philadelphia: Blakiston, 1944. Price, S5.50. 

Principles of Chemistry. An Introductory Textbook of Inorganic, Organic, 
and Physiological Chemistry for Nurses and Students of Home Economics 
and Applied Chemistry. By Joseph H. Roe, Ph.D., Professor of Biochem- 
istry, School of Med., George Washington Univ.; Formerly Instructor 
in Chemistry, Central School of* Nursing, Washington, D. C. Sixth Ed. 
Pp. 403; 47 figs.; 4 color plates; 15 tables. St. Louis: Mosby, 1944. Price, 
S2.75. 

A Laboratory Guide in Chemistry. By Joseph H. Roe, Ph.D., Professor of 
Biochemistry, The School of Med., George Washington Univ., Washington, 
D. C.: Pp. 191; numerous illus.; 2 color plates. St. Louis: Mosby, 1944. 
Price, SI .00. 

A Textbook of Histology. Functional Significance of Cells and Intercellular 
Substances. By E. V. CovmRY, Professor of Anatomy, The School of Med., 
Washington Univ., and Director of Research, The Barnard Free Skin and 
Cancer Hospital, St. Louis, Mo. Third Ed., thoroughly revised. Pp. 426; 
317 figs.; 13 in color. Philadelphia: Lea & Febiger, 1944. Price, S7.00. 

Child Care and Training. By Marion L. Faegre, Assistant Professor of 
Parent Education, and John E. Anderson, Director, Institute of Child 
Welfare, Univ. of Minnesota. Sixth Ed., revised. Pp. 314; numerous illus. 
Minneapolis: Univ. of Minnesota Press, 1943. Price, S2.50. 

Atlas of Dental and Oral Pathology. Prepared at the Army Institute of Pathol- 
ogy of the Army Medical Museum Office of the Surgeon-General, Washing- 
ton, D, C. From Material in the Registry of Dental and Oral Pathology 
by James B. Mann, Col., Dental Corps, U.S.A., Former Pathologist to the 
Re^stry; J. E. Ash, Col., M.C., U.S.A., Curator; Joseph L. Bernier, 
Major, Dental Corps, U.S.A., Former Pathologist to the Registry. Third Ed. 
Revised by Henry M. Goldman, Lt., Dental Corps, Pathologist to the 
Registry. Pp. 310. Washington: American Registry of Pathology, 1944. 
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MYASTHENIA GRAVIS TREATED WITH LARGE DOSES OF NEO- 
STIGMINE METHYLSULFATE, INTRAMUSCULARLY AND 
INTRAVENOUSLY, AND WITH NEOSTIGMINE 
BROMIDE ORALLY* 

By Henry R. Viets, M.D. 

BOSTON, MASS. 

(From the Myasthenia Gra\ds Clinic, Massachusetts General Hospital) 

Since the discovery by Walker^^-^^ the efficiency of neostigmine 
(prostigmine) in the treatment of myasthenia gravis, the drug has 
been Used extensively, both orally in the form of neostigmine bromide 
and parenterally as neostigmine methylsiilfate. Most patients are 
maintained on oral medication, as first reported by Everts^ and sub- 
'sequently by Laurent and Walker,® Viets, hlitchell and Schwab,^® 
and many others. Recently Viets® has emphasized the need in some 
cases for large oral doses up to 25 tablets in 24 hours (375 mg,), and 
reported upon one patient who had been maintained on this intake 
daily for more than 2 years without untoward effects. The use of 
neostigmine bromide in such large amounts greatly exceeded the dose 
of 45 mg.,®’^ usually recommended, but Viets® found the average amount 
used by 45 patients in his clinic to be 163.5 mg. in 24 hours. No 
ill effects from taking these amounts over periods of years had been 
noted. The patients did not become tolerant to the drug, and, when 
spontaneous remissions in their symptoms of myasthenia gravis 
appeared, the patients were quickly able to reduce their maintenance 
intake, or, in some favorable cases, to omit the drug entirely for 
varying periods of time. That neostigmine is relatively less toxic 
than originally considered, especially by Goodman and Bruckner,® is 
now fully realized. 

The amount of neostigmine methylsulfate, given parenterally, has 
also greatly exceeded the dose ordinarily used, although no reports 
have appeared in the medical literature on this aspect of the treatment 
of patients with myasthenia gravis. Such a case has recently been 
observed. The drug was used both intramuscularly and intravenously 
in large amounts. 

Case Report. History. A. J. T., a married man of 68, American, was 
admitted to this hospital on hlay 21, 1943, because of progressive general 

* The neostigmine was furnished by Hoffmann-La[Roche, Inc. 
you. 208, Ko. 6 — nncEMBEn, 1944 
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weakness, diplopia, dysphagia and dysarthria of 8 months’ duration. His 
first symptom, in September, 1942, was diplopia; ptosis followed in January, 
1943. By February he,had difficulty in moving his shoulders, lifting his head 
off the bed and holding up his jaw. Swallowing weakness and nasal speech 
developed_ shortly. Wlien attempting to swallow liquids, the fluid escaped 
through his nose. A test,® with the diagnostic ampule of neostigmine methyl- 
sulfate, was positive for myasthenia ^a\ds, all symptoms of ihuscle wealmess 
disappearing promptly. On oral medication of 6 to 10 tablets of neostigmine 
bromide, 15 mg. each, spaced at intervals of 2 to 3 hours during the day, the 
patient was considerably improved. He began soon, however, to relapse. 
To counteract his increasing symptoms, his intake of neostigmine bromide 
was raised to 16 tablets a day, augmented by intramuscular injections of 
neostigmine methylsulfate, 1 mg. each, 6 times a day. His average dosage 
before entering the hospital was 2 tablets of neostigmine bromide everj’^ 2 hours 
during the daytime, and every 3 hours at night. With each dose he took 4 
drops of tincture of belladonna to prevent a diarrhea which occurred without 
it, using about 44 drops in each 24 hours. He swallowed only liquids with 
difficulty, being unable to take any solid food. A loss of 20 pounds in weight 
had occurred during the past 6 months. The response to the above dosage 
was irregular. The disease progressed slowly by relapses and mild remissions, 
with a general downward course. Up to a week before admission the patient 
was able to walk with only moderate weakness. During the following week 
he collapsed rapidlJ^ .Except for the symptoms noted above, the patient had 
few complaints. There was some dyspnea on exertion, a tendency towards 
mucus formation in his throat vdth an annoying cough and moderate urgencj”^ 
and frequency] of urination. His mood was one of cooperativeness, without 
undue depression. 

Past History. The patient had served as a missionary in India from 1901 
to 1940, where he had several attacks of malaria. His last chill occurred in 
July, 1942, this attack being relieved bj' quinine, as in the past. There was 
also a history during his years in India of frequent intestinal upsets, vdth mild 
to severe diarrhea. Peptic ulcers were relieved l^y diet, without operation, 
.in 1936. 

Some dribbling at the end of urination had been noted for 10 years, with 
considerable frequency in the last few years. In October, 1941, obstruction 
to urination occurred. The prostate gland was removed by perineal prosta- 
tectomy at the Massachusetts General Hospital in November, 1941, and a 
papillary tumor from the bladder by transurethral resection in Julj^ 1942, 
both operations taking place before the onset of his present sjunptoms of 
myasthenia gravis. Pathologic examination of the tumor showed it to be a 
carcinoma. Grade 2A. 

Physical Examination. On admission. May 21, 1943, the patient was gi-avely 
ill. His eyes were fixed in about the midline, with moderate ptosis. The 
jaw hung partly open and the facial muscles were nearly immobile. His 
head could not be raised from the bed. Speech was thick, but understandable; 
his tongue could only be protruded to the line of the teeth. The arms could 
not be lifted above the level of the shoulders. The patient could move his 
legs, but could not turn over in bed. Swallowing was limited to small amounts 
of liquids. Choking spells occurred a number of times each day, often vnth 
shallow, diaphragmatic, gasping respiration. His throat was nearly constantly 
filled with thick mucus. 

The patient’s heart was slightly enlarged and the sounds were of poor 
qualit 3 ^ The blood pressure was 140 sj^stolic, 100 diastolic. The general 
phj'^sical examination was otherwise not remarkable, except for coarse rales 
throughout both lungs. 

Laboratory Reports. The specific grawty of the urine was normal; occasion- 
alty a trace of albumin was present, with a rare hj^aline or granular cast. The 
hemoglobin was 15.3 gm. per 100 cc. The W.B.C. count was 4900 per c.mm., 
the differential count being within the limits of normal. The R.B.C. and 
platelets appeared normal; no malarial parasites were seen. The stool showed 
no blood, parasites or ova. Lumbar puncture was not done. 
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Treatment. On entrance to the hospital it was impossible for the patient 
to swallow neostigmine bromide by mouth and parenteral medication was 
begun (Fig. 1). At first 1 mg. of neostigmine methylsulfate was injected 
intramuscularly every 2 or 3 hours. As this dosage was insufficient to prevent 
attacks of dyspnea, the dosage was gradually increased to hourly injections 
throughout the 24 hours of 1 mg. or 1.5 mg. each. On one day he received 
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Fig. 1. — The hourly intake of neostigmine methylsulfate and neostigmine bromide in 
a severe case of myasthenia grains during the first 3 weeks of treatment. The chart is 
divided into 3, 8-hour daily periods, according to the nursing schedule. 0 = neostigmine 
methysulfate, 0.6 mg. (1-2000). -f = neostigmine bromide, 15 mg. An asterisk denotes 
intravenous medication. The total intake in milligrams of each drug is given in the right- 
hand column, the amount of the neostigmine bromide being in parenthesis. 

31 mg. of neostigmine methylsulfate. Three mg. of this total each day was 
given intravenouslj" in 1500 cc. of glucose solution to which it was added. 
The 5% glucose solution was also reinforced by 100 mg. of vitamin C, 10 mg. 
of thiamine chloride, 100 mg. of nicotinamide and 10 mg. of riboflavin. The 
formula of intravenous medication was slightly changed from time to time, 
but remained relatively constant for 3 weeks; the rate of flow was about 7() 
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drops per minute. No difficulties were encountered in using this daily intra- 
venous therapy. 

The patient became well adjusted to his schedule of neostigmine in about 
a week and was maintained on 26.5 mg. to 29 mg. of neostigmine methylsulfate 
every 24 hours for the next 2 weeks: He showed no acquired tolerance to 
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Fig. 2. — The hourly intake of neostigmine methylsulfate and neostigmine bromide 
in a severe case of myasthenia gravis during the second 3 weeks of treatment. For an 
explanation of the symbols used, see the legend under Figure 1. 


the drug and intestinal stimulation was minimal. There were few cramps, but 
he had only 2 to 4 soft bowel movements each day without diarrhea. Atropine 
sulfate, 0.6 mg., w'as given only 5 times in 8 weeks. On the other days a few 
drops of tincture of belladonna was used. As his general condition slowdj" 
improved, swallowing became possible. Three weeks after entrance to the 
hospital (Fig. 1) the intravenous medication was stopped and administration 
of neostigmine bromide orally was slowly substituted for some of the intra- 
muscular and intravenous injections (Fig. 2). Over a period of the next 5 
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weeks, treatment by mouth was gradually extended, until at the end of 8 weeks 
the patient was maintained on oral neostigmine bromide, as he had been 3 
months before entering the hospital (Fig. 3). Ephedrine sulfate, 24 mg., 



1 tablet, crushed in water, 4 times a day, was used for about 4 weeks, but was 
discontinued because of restlessness and insomnia. Otherwise the only medi- 
cation for mj^asthenia gi'a^is used was neostigmine. Tincture of digitalis. 
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10 drops in water, once a dai-^, was given throughout the patient’s stay of 
8 weeks in the hospital. On 2 occasions, when cardiac failure threatened, 
4 cc. (0.8 mg.) of cedilamide was given and on another, 1.5 cc. of coramine, 
intravenously. 

Nursing and Feeding. Of most importance was the constant nursing care; 
3 nurses, each on 8-hour dut 3 '^ were employed to ensure constant observation. 
Thick, tenacious mucus was removed from the mouth and throat by suction 
or by postural drainage. The hourly medications required much of the 
nurses’ time. The opening of 60 or more ampules a day was a task, finally 
obviated when neostigmine methjdsulfate rvas procured in ampules of 10 cc., 
each containing 5 mg.* 

During the first week of hospitalization the patient was only able to swallow 
a small amount of liquid. On some days 500 to 1000 calories of food could be 
given by mouth; this was supplemented by 200 to 400 calories of glucose, 
intravenousty. Because of the danger inherent, when dysphagia is present, 
to intubation in myasthenia gravis, tube-feeding was not resorted to. As the 
patient slowty improved, due to better adjustment of his intake of neostigmine 
methjdsulfate, his total calorie intake during the second week was raised to a 
level of 1000 calories a day. Graduallj" this was pushed up to a level of over 
2000 calories before the patient left the hospital at the end of 8 weeks. Most 
of the food consisted of milk, cream, purged vegetables, eggs, finely ground-up 
meat, and bread. On the daj'^ he left the hospital. Julj" 30, 1943, about 2400 
calories were taken bj^ mouth. 

Subsequent Course. The patient did not do well at home. Special nursing 
could not be provided and adequate medical supervision was not available. 
He died of respiratory failure, or possibly of cardiac complications, August G, 
1943, a week after discharge. Postmortem examination was not allowed. 

Discussion. The use of neostigmine in the treatment of myasthenia 
gravis is based upon the following assumptions: (1) acetylcholine is a 
necessary ingredient in the complex chemical status that permits the 
passage of an impulse from nerve to muscle; (2) cholinesterase is the 
enz.yme concerned with the destruction of acetylcholine by hydrolysis; 
(3) in mjmsthenia gravis there is an, abnormal reaction at the rajm- 
neural junction between acetylcholine and cholinesterase; (4) neo- 
stigmine is a potent inhibitor of cholinesterase activity, combining 
loosely with it; (5) when neostigmine is dialyzed off from cholinesterase 
in vitro, restoration of full enzymatic activity results; (6) probably a 
similar chemical reaction takes place in vivo, unless a sufficient supply 
of neostigmine is continuousl.y at hand to inhibit cholinesterase activity. 

Thus the therapeutic aim in the treatment of myasthenia gravis is to 
supply enough neostigmine to a patient to offset the activity of the 
cholinesterase, resulting in an excessive or too rapid destruction of the 
acetylcholine. Cholinesterase maj’’ be found along the nerve pathwaj'^s, 
at the level of the nerve cells in the central nervous s,ystem and at the 
mjmneural junction. In mjmsthenia gravis, the main focal point of 
imbalance appears to be at the mjmneural junction, but other points 
may also be involved. With our present knowledge, a chemical im- 
balance at the mjmneural junction accounts best for the main symptom 
of the disease, namety excessive fatigue of muscular response to vol- 
untary nerve stimulation. 


* These special ampules vere pro\'ided by Hoffmann-La Roche, Inc., for the purpose 
of clinical research. 
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When oral treatment is given, using prostigmine bromide, there are 
many factors that tend to prevent a continuous and even supply 
reaching the myoneural junction of the affected muscles. In order to 
maintain the highest and steadiest level of neostigmine at the focal 
point, the drug is given in spaced doses during the day and night; 
larger doses are used at times of greatest fatigue, as in the afternoon 
period and during mealtime. Too rapid removal from the stomach is 
avoided by an ingestion of some food with each oral medication, or the 
drug may be absorbed sublingually. Parenteral treatment may be 
used to augment the oral intake in times of excessive need. Thus a 
carefully planned, schedule dosage is sufficient control for the main- 
tenance of the average case of myasthenia gravis. The uncontrolled 
factors, such as the failure to assimilate the drug, its loss in other 
areas of the body than the specific myoneural junctions involved and 
the destruction and elimination of neostigmine without absorption, a 
matter not fully understood, are not of great clinical importance in the 
treatment of most cases. Such unknowns can be offset by increased 
dosage and large doses do not appear to affect most patients adversely". 

With the use of neostigmine parenterally, the problem becomes less 
complex, for the uncertainty of absorption via the gastro-intestinal 
tract in oral medication, is eliminated. The principle of treatment 
remains unchanged. Maintenance is established at an adequate level, 
although, as indicated in the case abstract, the level may exceed our 
preconceived ideas in regard to toxicity and tolerance. When the 
patient, reported upon, was doing badly, in the first few days of his 
hospitalization, it was soon discovered that underdosage and not over- 
dosage was the fault. The daily intake of 11 mg. was raised to nearly 
3 times that amount and the patient became well adjusted and nearly 
symptom free. At the proper time, moreover, when he was fully 
maintained and improved, -the amount of the drug was reduced without 
ill effect and oral medication was substituted. No tolerance developed. 
This has been found to be so in most cases of myastlienia gravis treated 
by the author. What is usually called “developing a tolerance to the 
drug” is merely an acknowledgment of inadequate dosage. 

The intravenous use of neostigmine methylsulfate was first tried in 
this case. It was found that the drug was well tolerated, that it could 
be added to glucose solution and other forms of medication could be 
used in the same intravenous preparation. When given over a period 
of hours, the same amount could be used as was given intramuscularly. 
Using the drip method, 1 .5 mg. could be given in 1 hour. Subsequently, 
in other patients this dose has been doubled, without ill effects. The 
possibility of using neostigmine intravenously opens up a new field 
for emergency treatment and, since experience with this patient, the 
drug has been frequently used for this purpose. No difficulties have 
been encountered. On the basis of experiments with the related drug, 
physostigmine,-* neostigmine has been given by continuous intravenous 
infusion in myasthenic patients in the Department of Surgery at the 
Massachusetts General Hospital.-' By this means the neostigmine 
needs of the individual patient were assayed preoperatively and appro- 
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priate levels of cholinesterase inhibition were maintained during and 
after thymectomy. 

The signs in man of a fatal dosage of neostigmine are uncertain. No 
patient is known to have died of the drug. When patients are taking 
more neostigmine than is needed to inhibit the cholinesterase, muscular 
fibrillations or fasciculations will appear as evidence of cholinergic 
overstimulation of the muscular skeletal system. In addition, sali- 
vation, a lowering of the heart rate and a stimulation of peristaltic 
activity, with or without cramps, Avill be noted. These are the signs 
that occur when the drug is given to a normal person,^ and they are 
seen in cases of myasthenia gravis if more neostigmine is given than 
is needed. When large doses are used, these signs should be watched 
for. In our experience, the most important early sign is the fibrillation 
or fasciculation of the facial muscles. The symptoms of overdosage 
usuallj^ respond to atropine sulfate. 

Summary. 1. Patients with severe myasthenia gravis may be main- 
tained on neostigmine methylsulfate, intramuscularly, spaced at 
hourly intervals, in doses up to 31 mg. per 24 hours. 

2. The drug may also be given intravenously, in doses as high as 
3 mg. per hour, by the continuous drip method. 

3. Neostigmine and other drugs can be safely added to the intra- 
A^enous glucose solution. 

4. Tolerance for neostigmine Avas not shoAvn in the doses used. 
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PURIHiENT MENINGOCOCCAL ARTHRITIS 

By William P. Boger, M.D.* 

BLTJBFIELD, W, VA. 

(From the Department of Internal Medieiue, St. Luke’s Hospital) 

Arthralgla. and myalgia are common complaints at the onset of 
many of the acute febrile diseases and meningococcal infections are not 
exceptions in this regard. Most authors on the subject of meningo- 

* Formerly Instructor in Medicine, Medical College of A^irginia, Richmond, A’’a. 
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coccal infections mention the frequency with which joint and muscle 
pains occur but few give any particulars concerning the joint manifes- 
tations. When arthritis is referred to it is usually described as accom- 
panying the rash and disappearing with the rash without any treat- 
ment being needed and without leaving any sequelae. Indeed, this 
form of arthritis has been regarded as so mild that little notice has been 
given to it. Apart from this transient form of arthritis purulent 
meningococcal arthritis occasionally occurs. 

At the present time, when sulfonamide drugs are so effectively being 
used in the treatment of meningococcal infections, the septicemic stage 
of the disease is readily controlled, so that we may expect to see fewer 
of the metastatic manifestations than ever before. But it is of interest 
that, even before the day of sulfonamides, arthritic manifestations of 
meningococcal infections had been noted; but, nevertheless, there have 
been few reports of purulent meningococcal arthritis. The first 
observers of “spotted fever” have given us excellent clinical descrip- 
tions of the disease, and their remarks about arthritis are pertinent. 
North and Swords^* called attention to the “rheumatism” in connec- 
tion with cerebrospinal fever, and Welch, Jackson and Warren^^ said; 
“In some cases swellings have occurred in the joints and limbs. These 
have been very sore to the touch and their appearance has been com- 
pared to tliat of gout. The parts feel as if they had been bruised. 
These swellings are in the smaller as well as the larger joints and are 
often of a purple color. Those of the small joints especially soon dis- 
appear as the disease approaches its crisis.” This description was 
made before the discovery of the meningococcus as the cause of 
“spotted fever” and it very nicely dovetails with the word-picture 
given to us by Herrick and Parkliurst^^ at a later date. 

von Fronz,**® in 1897, first isolated the meningococcus from fluid 
drawn from a joint and should be credited with the first case of proven 
meningococcal arthritis. In 1899, Gwyn,® working on Osier’s service 
at Johns Hopkins Hospital, isolated tlie meningococcus from the blood, 
“joint fluid and cerebrospinal fluid of a case which Osier described as 
illustrating probably the maximum degree of involvement of the joints 
in cerebrospinal fever.” There was “swelling and redness of both 
elbows, the right wrist, the right knee, and several of the smaller joints 
of the hands.” 

It was the violence of the polyarthritis noted in the case here reported 
that attracted om* attention to the subject of meningococcal arthritis, 
and we believe that it also represents “the maximum degree of involve- 
ment of the joints in cerebrospinal fever.” 

Case Reports. Case 1. E. D. E. (A18900), age 52, white, widowed. 
This saleswoman was in her usual good health until February, 1943, when 
she suffered from a “cold” with cough, sore throat, and aching all over. 
Her physician prescribed white pills to be taken ever 4 hours (not sulfonamide 
medication). After a week in bed and several days spent about the house 
the patient felt sufficiently well to return to her work, but felt only “fairlj’ 
well,” for she still had chilly sensations and muscular aching. 

.Tanuarj’- 10, 1943: Sore throat, malaise, headache, general muscular aching 
and nausea were noted; the same physician prescribed the same tablets once 
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again. Only 3 doses of the medicine had been taken when nausea and vomit- 
ing began. General aching became more severe, joint pains were complained 
of, and finally chills began. These chills were “shaking chills” and after the 
first one “spots” appeared on the hands, feet, forearms and lower legs. The 
patient ascribed her nausea to the medication and took only 7 tablets in all. 
The repeated chills, high fever, headache and exquisitely tender joints finally 
forced the patient to come to the hospital. 

January 15, 1943: The patient was acutely ill and complained bitterly of 
the pain in “every joint;” she was mentally clear but was in such pain that 
both the history and examination were abbreviated. Temperature was 
103° F., pulse 110, and respirations 25, blood pressure 150/70. The skin 
presented a fine, purpuric rash over the anldes and lower thirds of both legs, 
and in addition several petechise on the thighs and abdomen. Also, there 
were scattered over both hands, forearms and feet several larger purpuric 
spots which measured from 3 to 10 mm. in diameter. None of these “spots” 
blanched on pressure, and several of the larger ones were indurated and tender; 
the likeness to erythema nodosum was noted. The thorax, back and abdo- 
men showed only a few scattered petechise. 

The eyes presented a purulent discharge which was crusted on the eyelashes 
and eyelids so as to almost glue the lids together. The cornese were clear 
and there were no ulcerations. 

The chest was clear, the heart regular and apparently normal, and the 
abdomen soft. A special effort was made to feel the spleen, but it could not 
be palpated. 

All joints were exceedingly painful, the patient refused to make any effort 
to move them and the slightest passive, movement caused pain. Both hands 
looked frankly 'edematous, the dorsum of each being swollen and tense. The 
resemblance to the infections of the hand w'as striking. There was a splotch 
of purple discoloration over each of the metacarpophalangeal joints and the 
dull-red of inflanunation about both -wrists; the wists were swollen, the right 
more than the left, and the patient would tolerate no movements of either 
hand. Both elbows were tender, swollen and red, and held in semiflexion 
across the abdomen. Due to the pain in the lower arms, the shoulders could 
not be properly evaluated, tenderness on palpation was elicited but there was 
no swelling and no redness. The neck was supple, the temporomandibular 
joint normal, and the chest gave no pain on forced inspiration and expiration. 
Both feet were swollen and both ankles were red, hot and tender; niovemeht 
of the toes was painful. The left ankle joint was larger than the right, but 
both presented evidence of effusion into the joints. Both knees were swollen, 
hot, red and tender and fluid was present in both joints. Movements of the 
hips were not tested. 

The arthritis in this case was the most striking feature and, in ■\dew of the 
ophthalmia, the joint symptoms, and a rather indefinite social history, the diag- 
nosis of gonococcemia and gonococcal arthritis was entertained. The pa- 
tient ■\agorously denied exposure, urethral and cer-vical smears were negative 
for gram-negative diplococci, and an unsatisfactory pelvic examination showed 
showed nothing abnormal. 

Meningococcemia was suspected, although none of us had ever seen such an 
outspoken and acute arthritis in this condition. Lumbar puncture yielded 
clear spinal fluid under normal pressure, the cell count was normal, no organ- 
isms were demonstrated on smear, and culture of this fluid was later reported 
as negative. 

The purpuric nature of the skin rash, together with knowledge of pre-\aous 
medication, suggested a blood dyscrasia. Tests of capillary fragility gave 
normal results, bleeding time 2 minutes 5 seconds, clotting time 4 minutes, 
prothrombin time (Quick) 16 seconds, clot retraction at the end of 1 hour, 
platelet count 429,000 per c.mm. were all normal values. 

The fulminating nature of the arthritis and the fine rash chiefly on the lower 
extremities caused us to think of Haverhill fever. Dr. L. E. Sutton*® saw this 
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case in consultation and agreed that the clinical appearance of this patient 
was such as to justify the consideration of this diagnosis. 

Aspiration of the left knee was done and approximately 50 cc. of thick, 
yellow pus was obtained; a smear of this pus revealed countless numbers of 
both intracellular and extracellular gram-negative diplococci. Fluid was 
obrdously present in both ankles, certainly in the right wrist, and probably in 
several of the metacarpophalangeal joints, but it was deemed unwise to tap 
these joints for purely academic reasons. 

The patient was given 6 gm. of sodium suKadiazine intravenously and 1 gm. 
orally every 4 hours thereafter. Morphine was given without stint for the 
relief of joint pain, and splints were applied to the left leg, the right leg, and 
the right mist. These measures made the patient fairly comfortable. 

As late as the 5th hospital day it \vas the general feehng that this woman 
suffered from gonococcemia and gonococcal arthritis; this feeling had been 
strengthened by the reporting of a positive gonococcal complement-fixation 
test. But at this time both the blood culture and the culture made from the 
joint fluid were reported as showing growths of meningococci. The organism 
was typed as a Type I meningococcus by the National Institute of Health. 
The gonococcal complement-fixation test was repeated and found positive on 
2 more occasions. 

The fever subsided by lysis, the joints became progi-essively less tender and 
swollen, and the rash rapidly faded. The larger purpuric spots left brownish 
discolorations and some of the “erythema-nodosum-like” lesions during their 
period of regression took on the appearance of bruises with all of the attendant 
color changes. 

Sulfadiazine therapy was given for 19 days at which time the patient had a 
total white count of 3200 and was running a mild fever; the drug was discon- 
tinued. Most of the joints had become non-painful, but the left knee was still 
swollen, and the right hand was still definitely swollen. The knee could be 
flexed beyond 90 degrees but it felt “stiff.” Grasp with the right hand was 
poor and the wrist could not be dorsiflexed. 

February 21, 1943 (30th hospital day) : Without apparent cause the patient 
became fretful, recalcitrant, resisted the medical attendants and talked foolishly. 
During the following days the patient became actively hallucinated, expressed 
fears that the nurses and doctors were poisoning her, and became unmanage- 
able on an open Medical Ward. On the 49th hospital day this woman was 
discharged in the care of her family. There is no explanation for this psychosis. 

Follow-up of this patient revealed that on the 80th day from the onset of 
her arthritis the left knee still ached, the left ankle swelled after walking, the 
right hand remained swollen. Roentgen ray of the right wrist revealed 
“destruction and narrowing of the joint space due to infectious arthritis.” 

Case 2. Miss L. B., age 24 years, white, single. This case-worker had 
for several months been employed in social work and had been xnsiting in 
numerous homes. While visiting her sister, she was taken ill with a “cold,” 
headache, muscle soreness and a rash. The sister, a student nurse, put the 
patient to bed and went off to attend a lecture, the subject of which was 
“ Meningococcemia and Meningococcal Ai'thritis,” which was being presented 
by the author before the Staff of the Medical College of Virginia. Returning 
from the lecture, this observant student nurse had her sister admitted to the 
hospital at once with the presumptive diagnosis of meningococcal infection, 
and the author was called to see the case. 

The patient was alert and somewhat bewildered that she should be so pre- 
cipitously admitted to the hospital. Examination revealed a temperature of 
102° F., pulse 100, respirations 24. The patient was comfortable, complained 
of slight soreness of the muscles generally, slight headache and some slight 
nausea. The neck was slightly painful on anterior flexion, Kernig’s sign was 
negative bilaterally, and the reflexes were physiologic. The skin presented a 
hemorrhagic rash limited to the arms and legs, both palms and soles presented 
spots ranging from 5 to 10 mm. in diameter. The chest was clear, the heart 
normal in size, rhythm and sounds, the abdomen was soft, and the spleen 
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could not be felt. A lumbar puncture was done and slightlj'^ cloudy fluid was 
obtained that revealed 500 cells per c.mm.; organisms were not seen on smear 
but culture of this fluid was positive for meningococci. A blood culture taken 
at this time was noted to be positive for meningococci. 

The joints were carefully examined and the left knee was found to be slightly 
swollen. The patient herself had not been a-ware of this fact and there was no 
pain on manipulation of the joint, flexion was slightly limited by a feeling of 
“fullness.” There was no redness or tenderness of this joint. Aspiration 
■was done and thick, yellowish fluid Avas obtained whicli on smear revealed gram- 
negative diplococci. Culture of this fluid w'as positive for meningococci. 

The patient "was given 3 gm. of sulfadiazine as an initial dose and 1 gm. 
every 4 hours to a total of 25 gm. Recovery was entirely uneventful, no 
special treatment Avas given to the knee, and normal function was restored. 
Follow-up 1 j’'ear later revealed that there had been no disability with regard 
to the left knee. 

Discussion. It is difficult to know the exact incidence of meningo- 
coccal arthritis, for many authors either do not mention it at all ox- 
mention it so slightingly that one wonders whether they refer merely 
to arthralgia or to true arthritis. When arthritis is specified, it is 
frequently stated that it is transitory, disappears with the rash which 
accompanies it, and does not present the local signs of inflamma- 
tion.®'^®'-^-^'’ The statement is made almost universally that meningo- 
coccal arthritis is “ self -limited,” that little or no treatment is necessary, 
and that restoration of joint function is complete. It is small wonder 
that little attention has been paid to meningococcal arthritis. 

Herrick and Parldiurst^- collected the largest single series of cases 
of meningococcal arthritis and classified the different forms that the 
disease might take. Their Type C was merely the arthritis of serum • 
sickness and needs no further comment. Of Type A they said, 
“Almost all these cases have profuse hemorrhagic rashes coincident 
with the polyarthritis. In many but not in all instances, the arthritis 
is transitory as the rash. It would seem that these early joint symp- 
toms are due to hemorrhage into the articular and periarticular struc- 
tures, especially the synovia, and are identical with the hemorrhagic 
lesions of the skin and serous membranes.” Bauer and Short* similarly 
explain arthritis as “hemorrhage into the joints,” but it is of interest 
to note that Herrick and Parkliurst*- clearly stated that aspiration 
was not done in any of these cases, so that no evidence is offered as 
proof of “hemorrhage into the joints.” However, Keefer et alP 
studied several joints pathologically and demonstrated acute inflam- 
matory changes and gram-negative diplococci in the deep layers of the 
sjmovia, but an intact synovial surface layer, thus establishing the fact 
that the process may be purelj’’ a “synovitis.” These authors con- 
cluded, “ Meningococcic arthritis is a metastatic lesion involving first 
the deeper synovial tissues. Later, infection invades the superficial 
cells with effusion of fluid into the joint cavity and varying degrees 
of destruction of the cartilage. It is essentiallj' a metastatic acute 
synovitis.” 

Thus the Type A arthritis of Herrick and Parkhurst can be desig- 
nated as an acute synovitis. As the result of extension of the synovitis, 
Tjqxe B arthritis may result. “With few exceptions only one joint is 
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affected, generally the knee, occasionally the ankle, hip, shoulder, 

wrist or elbow Effusion is a prominent feature so that aspiration 

of the synovial capsule is suggested in many cases. Swelling is great, 
but redness, pain, tenderness and limitation of motion are surprisingly 
slight. Often a tensely swollen joint can be manipuMted freely, with 
only moderate discomfort. In no other acute arthritis is there this 
striking disproportion between the swelling and the other inflamma- 
tory signs The duration of the process is usuallj^ from 1 to 

4 weeks, recovery being gradual but complete. Rarely stiffness and 
slight pain or muscular spasm remain for a long time.” 


Table 1. — Reported Cases op Meningococcal Arthritis 


Reference 


No. of cases 
meningococcus 
infection 

No. of cases 
with joint effusions 
specifically 

Cases with 
“arthritis” 
(%) 

Rogers* 


Not Stated 

Not stated 

20.0 

Osier* ... 


21 

Not stated 

9.5 

Councilman, Mallory, Wright* 

111 

Not stated 

5.4 

Sophian.22 


Not stated 

Not stated 

10-16 

Rolleston and Andrewes^* 


1773 

Not stated 

5.3t 

Hodes and Strong'^ 


110 

Not stated 

4.5 

Rundlett, Gna^ssi, Price^o . 


17 

Not stated 

41.0 

Stone, Truitt^* .... 


215 

1 

24.0 

HerrickA ... 


315 

Not stated 

10.0 

Stott, Copeman®*' 


17 

3 

17.6 

Harries® 


500 

Not stated 

5.4 

Joe'® . 


600 

Not stated 

4.2 

Lepper, Sweet, Dowling®" . 


121 

Not stated 

2.4 

Thomas®' 


1935 

Not stated 

“a few” 

Waghelstein'® .... 


580 

Not stated 

2.7 

Tillett, Brown®" 


26 

Not stated 

43.0 

Boger, RobertsonJ 


125 

2 

3.6 


* Cited by Herrick and Parkhurst.*^ t Synovitis, 

t Unpublished data. 


Certainly this type of joint disease deserves the name of "purulent 
arthritis,” and it is to this type of meningococcal arthritis that we 
wish to direct attention. Case 2 beautifully illustrates the painless- 
ness and the absence of local manifestations of inflammation in this 
type of joint involvement. 

Case 1 stands in sharp contrast to Case 2. It seems likely that the 
patient had been ill for a month or more and that her recurrent muscle 
aches and chilly sensations were due to a chronic meningococcemia. 
At the time of hospitalization the meningococcal septicemia was at its 
height, witli the production of a marked purpuric rash and a very 
acute polyarthritis; the coincidence of these two manifestations must 
be stressed. This polyarthritis was probably due to acute synovitis, 
and most of the lesions producing the joint manifestations resolved in 
a short time; but a number of the joints at this time were noted to 
have frank effusions in them. The evolution of this case shows rather 
clearly the relationship of Type A and Type B arthritis, the latter 
being merely an extension of the former, and the clinical observations 
in this case coincide exactly with the pathologic studies of Keefer et aJJ’’ 

The coincidence of the rash and arthritis has been repeatedly noted, 
and those cases of chronic meningococcemia in which recurrent septi- 
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cemia with the production of chills and fever, rash and arthritis permits 
repeated observations of the same sequence of events, seem to establish 
a close relationship between the two phenomena. There seems little 
reason to doubt that the sjmovial linings of joints present a “rash” 
just as the skin does, with resultant arthritic symptoms, but it still 
seems unnecessary to postulate hemorrhages into the joints. On the 
skin the meningococcal rash may present macules, petechise, intra- 
cutaneous hemorrhages and erjiihema nodosum-like lesions; and if one 
grants the same variability of the rash on the synovial surfaces, one 
can readily understand pain, tenderness, redness and “arthritis as 
transient as the rash which accompanies it,”^^'^^ without postulating 
hemorrhage into the joint. 

If we regard the profuseness of the skin rash as a possible indication 
of a similarly profuse involvement of synovial surface, it becomes 
merely a quantitative relationship between profuseness of the rash and 
the extent of the synovial lining of a particular joint, which determines 
the frequency with which the joint is involved by a purulent effusion. 
The larger the extent of the synovial lining of a particular joint the 
more likely it is that one or more of the septic metastases will extend 
into the joint. This seems to be compatible with the finding that the 
larger joints, and particularly the knee, are most often involved by 
suppurative meningococcal arthritis. 

Despite the commonness of meningococcal infections and the naming 
of the disease “spotted fever” because of the commonness of the rash, 
purulent meningococcal arthritis is a relatively rare disease. Table 1 
presents some scattered statistics on the incidence of arthritis in the 
presence of meningitis, but none of the authors cited presents bacterio- 
logic proof of an}'' case of arthritis noted. Herrick and ParkhursT® 
collected 16 cases of Type B arthritis; only 8 were aspirated and in 
only 4 was the meningococcus isolated. Schein® found 23 cases of 
“meningococcal arthritis” during a 10-year period, but only 4 of these 
cases were established bacteriologically.- Kobayoshi,^® Gwyn,® Jaffe'^ 
each proved 1 case by isolation of the meningococcus from joint fluid. 
Dock,® in reviewing 68 cases of meningococcemia, mentions 3 joint 
effusions but gives no bibliography. Rolleston®® mentions aspiration 
of a joint, but no culture was obtained; similarly, Stott and Copeman®® 
encountered 3 joint effusions, but no aspirations were done. Moss®^ 
reported 1 case with bilateral effusions of the knees and another case 
with a joint effusion, but cultures were sterile. Although we have 
not reviewed the literature exhaustively, it seems plain that the isola- 
tion of meningococci from the joints is uncommon. 

In the light of the close relationship between the rash and arthritis, 
*and tlie fact that both are manifestations of septicemia, the demon- 
stration of meningococci in the blood or cerebrospinal fluid might 
appear to be proof of etiology of the joint manifestations. \\Tiile 
such evidence is probably acceptable we believe that anything short 
of the demonstra-tion of meningococcus from the joint involved leaves 
the case open to question. Cattell®“ calling attention to the rarity 
of meningococcal arthritis, nevertheless fails to present bacteriologic 
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proof of his case. It may seem overcritical to stress this point, but 
Curtis^ described a case which presented a clinical picture identical 
with Case 1, and yet the Micrococcus catarrhalis was isolated from the 
joints. Pharyngeal Neisseria occasionally cause meningitis, and unless 
careful bacteriologic study is made, these organisms may be often 
called meningococci. Sophian^® cites a case of his own and calls atten- 
tion to the literature on this point. Thus it seems best to establish 
the diagnosis of purulent meningococcal arthritis on bacteriologic 
grounds rather than clinical circumstantial evidence. 

It is interesting to review the prognosis of the few cases of proven 
meningococcal arthritis. The prognosis of the acute synovitis is uni- 
formly excellent, but when the joint space is involved the prognosis 
should be a little more guarded. In the series of 16 cases reported 
by Herrick and Parkhurst,^^ there were 2 deaths and a flexion deformity 
of the knee. These authors also mention 1 case of “necrosis of the 
head of the radius” following meningococcus arthritis of the wrist. 
Of Schein’s®^ 23 cases, only 4 were proven by culture; but of these 4, 
2 had ankylosis of the joints and the other 2 had limitation of function 
of the joints. Joe^® cites 21 cases of arthritis with ankylosis of a 
shoulder in 1 case. Place®^ had 3 joint effusions, but all recovered 
full joint function. Our Case 1 showed Roentgen ray evidence of bone 
destruction in the right wrist joint and there was permanent impair- 
ment of joint function; Case 2 recovered completely. 

From these 66 cases of meningococcal arthritis, not all of which 
were proven, at least 8 (12%) showed permanent joint changes. If we 
considered only the cases proven bacteriologically the percentage 
would be very much increased; for example, of Schein’s proven cases, 
all of them shoAved permanent joint changes. From these meager 
data it seems justified to say that the prognosis of meningococcal 
arthritis is not as favorable as the literature would lead one to believe. 

Purulent meningococcal arthritis should be treated conservatively. 
The effusion frequently resolves spontaneously^ but large ones may 
call for repeated aspirations. Place®'* mentions washing the joint out 
with physiologic saline solution, and if sterile precautions are observed 
this procedure may be of service. Arthrotomy seems to have no place 
in the treatment of meningococcal arthritis, not that it would not 
serve to drain infection, but because it is more radical surgery than is 
necessary. Although pain is said not to be a projninent feature of 
these effusions, it may be present as in Case 1, and appropriate splint- 
ing with plaster shells may give great comfort to the patient. Similarly, 
analgesics may be called for and, if pain indicates it, opiates may be 
resorted to, since the condition is acute rather than chronic. The 
wide usage of sulfonamide medications in the treatment of meningo- 
coccal infections may be expected to lessen the incidence of metastatic 
manifestations— arthritis among them. As some authors*® have sug- 
gested, if arthritis persists, a second course of sulfonamide medication 
may be given; this would seem to be necessary only if organisms be 
cultured from the joint fluid. 
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Comment, arthritis is the presenting symptom of a meningo- 

coccal infection, it is not always easy to establish the etiology without 
awaiting cultural demonstration of the organism. In cases of chronic 
meningococcemia, the septicemia may exist for months prior to the 
development of meningitis, and the chills, fever, rash and arthralgia 
may be assigned to other causes than a meningococcal infection. Tlie 
fever may simulate tertian or quartan malaria,® and the rash and 
enlarged spleen may lead to the mistaken diagnosis of typhoid fever 
or subacute bacterial endocarditis. The form of arthritis presented 
may duplicate that seen in gonococcal infections, and confusion on 
this score is enhanced by the fact that positive gonococcal complement- 
fixation tests have been repeatedly reported in proven meningococcal 
infections. In our Case 1 the gonococcal complement-fixation 
test was positive on three separate occasions. The rash may take 
various forms and imitate Rocky Mountain spotted fever or typhus 
fever. Ha,verhill fever was strongly suspected in Case 1 because of 
the fulminating arthritis and the marked rash on tlie lower extremities. 
Dr. L. E. Sutton, who originally described Haverhill fever,-® saw our 
case in consultation and agreed tliat the clinical resemblance was so 
striking that only bacteriologic evidence would establish the diagnosis. 
The confusion with Haverhill fever has been previously noted.'® 

Conclusions. The arthritis commonly referred to in connection with 
meningococcal infections is in most cases an acute synovitis which 
occurs concomitantly with the rash. Acute synovitis usually promptly 
subsides with complete restoration of joint function, but exceptionally 
the synovitis by extension leads to a purulent arthritis and effusion 
into the joint space. Purulent meningococcal artliritis is a relatively 
uncommon disease and not many cases have been proven bacteriologi- 
cally. It is suggested that the prognosis of this disease is not so 
uniformly favorable as is usually stated in the literature. Two proven 
cases of purulent meningococcal arthritis are presented. 

We wish to acknowledge our thanks to Dr. William B. Porter, Professor of Medicine, 
Medical College of Virginia, Richmond, Va., for the privilege of reporting these cases 
which were seen on the Medical Service of the Medical College of Virginia Hospital. 
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SARCOIDOSIS OF BOECK - 

Metabolic Studies of 3 Cases 

By B. M. Stuart, M.D. 

new ORLEANS, LA. 

(From the Department of Medicine, Tulane University of Louisiana School of Medicine, 
and Charity Hospital of Louisiana at New Orleans) 

Sarcoidosis is regarded as a generalized systemic disease which 
may involve almost any organ of the human body. Skin lesions of 
this condition were first described in 1869 by Hutchinson,® who later 
suggested the name “Mortimer’s malady,” because his first patient 
presenting these manifestations was named IMortimer. In 1889, 
Besnier® reported a somewhat similar condition involving the face, 
nose and ears, which was named “lupus pernio.” However, it was 
not until 1899 that Boeck® published a description of “multiple benign 
sarcoid” involving skin, mucous membranes and lymph nodes, from 
which the term sarcoidosis is taken. Following this, Heerfordt® 
described the uveoparotid sjmdrome, Ivuznitsky and Bittorf'® reported 
pulmonary lesions, and Jungling*® published reports concerning altera- 
tions in bone. To Schaumann®^-" goes the credit for first suggesting 
in 1914 the essential identity of these apparently unrelated clinical 
entities as seen through the eyes of dermatologists, ophthalmologists 
and other specialists. Schaumann pointed out that sarcoidosis may 
exist in tlie absence of cutaneous lesions and that the lymph nodes, 
tonsils, liver, spleen, bone marrow and lungs are frequently involved. 



718 


STUART: SARCOIDOSIS OF BOECK 


Recently, pulmonary lesions with and without hilar lymphaden- 
opathy have been reported^^ that have certain characteristics in 
common. These lesions have been variously named as granulie froide, 
chronic miliary tuberculosis,'^ pulmonary tuberculids and granulie 
discrete. As seen on the chest roentgenogram, they are distributed 
fairl}'^ symmetrically and maj’’ consist of pseudomiliary or larger foci. 
Clinically these pulmonarj'- findings are identical with those frequently 
seen in patients with the lupus pernio of Besnier, Boeck’s sarcoid, or 
Heerfordt’s uveoparotid s^mdrome. This fact alone offers some justi- 
fication to Schaumann’s contention that the identit}'^ of the conditions 
is the same. Additional interest in the problem of sarcoidosis was 
stimulated in this country bj'^ Longcope and Pierson,^'^ whose work 
added further support to Schaumann’s observations. In 1938 Pinner^* 
reported clinical, histologic and biologic similarity in many cases 
diagnosed as Boeck’s sarcoid, uveoparotid fever, Mikulicz’s syndrome, 
ostitis tuberculosis multiplex cystoides and a number of disseminated 
pulmonary and lymph node lesions. 

The etiology'- of this condition remains unsettled. Reported cases 
vary in age from a few months to 60 or more years; however, more 
cases seem to occur in the 3rd or 4th decade of life. Earlier case 
reports were mostly of white patients, but a high percentage of recent 
cases reported were Negro patients. The two sexes seem to be about 
equally involved. Boeck suggested defective blood formation or auto- 
intoxication, while Schaumann assumed a tuberculous etiology (prob- 
ably bovine) and cited several instances in which autopsies ultimately 
disclosed diffuse, caseating tuberculosis. Pinner regards sarcoidosis 
as a form of "non-caseating tuberculosis,” and states that the sarcoid 
tubercle must be considered an extreme form of productive reaction 
in tuberculosis. As further proof. Pinner adds that "in undoubted 
foci tubercle bacilli are increasingly difficult to demonstrate the more 
the productive lesions predominate.” Biologically it is interesting to 
note that a large percentage of these patients react only slightly or 
not at all to tuberculin. Pinner and co-workers^® utilize this fact in 
supporting the tuberculous etiology of sarcoidosis because it has been 
shown that rats respond to the introduction of tubercle bacilli by the 
formation of lesions that greatly resemble the sarcoid lesions in man, 
and that rat serum contains tuberculin neutralizing factors (anticutins). 
English workers!^ have explained the features of sarcoid disease as a 
result of moribund or dead tubercle bacilli passing into the circulation 
and producing generalized lesions. Williams and Nickerson®® prepared 
an antigen from sarcoid tissue which in 4 cases produced skin reactions 
within 24 hours by intradermal test. They suggested that, as in the 
case of Ijonphogranuloma inguinale, sarcoid is probably also a virus 
disease. Rubin and Pinner®® have recently reviewed the autopsied 
cases in the literature and concluded that they could add little to the 
solution of the etiologic question. 

Pathologically, the typical lesion is the so-called "hard tubercle,” 
which consists of a microscopic collection of large, pale staining, poly- 
gonal, epithelioid cells forming a mass about the size of a miliary 
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tubercle. Although these cells are not always concentrically arranged, 
they may be fitted together like tiles in the floor. These clusters of 
cells are usually isolated, have a minimal peripheral inflammatory 
reaction, and are without central necrosis, according to some investi- 
gators.^ Rubin and Pinner,^® hoAvever, report caseation and necro- 
sis in a few cases. Giant cells are common but not always present, 
and may contain inclusions of various sizes and shapes which stain 
with hematoxylin. Another characteristic of these lesions is that acid- 
fast rods are usually not demonstrable and that they are usually sterile, 
both in culture and in animal inoculations. The tubercles are reported 
to remain unchanged for long periods of time and to increase in num- 
bers, rather than in size. They heal bj'^ a process of fibrosis and 
hyalinization. These sarcoid lesions may occur in any organ of the 
body but are prone to appear in lymphoid tissues. 

The signs and symptoms of the disease var 3 ^ with the location and 
extent of the lesions. Malaise, weakness, drowsiness, anorexia, 
weight loss, low grade fever, night sweats, drj'- mouth and generalized 
aches and pains are found in some patients. Dyspnea and right heart 
failure have been found in individuals with diffuse pulmonary involve- 
ment and a chronic non-productive cough is not uncommon where 
the lungs or mediastinal lymph nodes are involved. Patients with 
Heerfordt’s syndrome may complain of puffiness of the eyelids, failing 
vision, facial paralysis and parotid swelling. Involvement of the 
bones of the hands or feet maj^ prompt complaints of swelling or pain 
in the fingers or toes. Tillgren®^ has reported diabetes insipidus, while 
Longcope’^^ mentions a patient with involvement of testes and epi- 
didymis and subsequent loss of secondarj^ sexual characteristics. 
Cases of generalized sarcoidosis with electrocardiographic and other 
evidences of cardiac involvement which may vary in different patients 
are also reported.^^ Patients maj’’ present themselves with skin lesions 
or enlarged glands and have no complaints except awareness of their 
physical findings. 

Laboratory studies maj'" reveal a leukopenia with a relative increase 
in monocytes or eosinophils, while the red blood count usuall,y falls 
within normal limits, hletabolic studies have revealed elevation of 
serum protein with reversal of the albumin-globulin ratio. Harrell' 
has reported blood calcium values at or above the upper limit of 
normal in 6 of 11 cases, phosphatase levels (presumablj’- alkaline phos- 
phatase determinations) above normal in 7 cases, and blood cholesterol 
values within normal limits in all patients. 

Diagnosis is based on the histogy of skin lesions, possible Ijmph- 
adenopathy, Heerfordt’s sjmdrome, tired feeling, irregular fever, failing 
vision, cough and other symptoms previouslj’- mentioned. Slit-lamp 
examination may reveal an active uveitis, even in the absence of ejm 
complaints. Roentgenograph ic studies of the chest may re-s'eal hilar 
and pulmonarj'^ involvement and Roentgen raj'-s of the hands and feet 
may show areas of rarefaction and reticulation distributed througliout 
the medulla of the phalanges, sometimes with irregular enlargement 
and distortion of the bones, but without involvement of the periosteum 
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or of the joints.^^ Tuberculin tests are usually negative in these 
patients. Blood studies as previously mentioned may aid in the 
diagnosis. Biopsy of one of the lymph nodes is necessary for absolute 
diagnosis. 

Prognosis in sarcoidosis is disputed and depends on such factors as 
age, location and extent of lesions, presence of cardiac lesions, and 
presence of secondary infection. Spontaneous healing of the lesions 
has occurred in some patients,^^ while other cases succumb to tubercu- 
losis, cardiac failure, or some other associated condition. 

Treatment has been largely sjnnptomatic. Boeck suggested arsenic, 
while more recentlj^ Roentgen raj^ therapy has been tried. Ophthal- 
mologists have suggested fever therapy in cases of uveoparotid fever. 

Case Reports. The following 3 cases are presented, both because of fairly 
complete metabolic studies having been determined, and because they include 
2 additional cases of uveoparotitis. 



Fig. 1. — Photograph of Case 1 showing enlarged right lacrimal gland and bilateral 

parotid enlargement. 


Case 1. E. M. C., a 19 year old colored female, was admitted to Charity 
Hospital January 29, 1944. Her illness began in September, 1943, when 
slightly painful swellings at the angle of both jaws were noticed. About the 
same time she observed that a non-productive cough had developed. In 
November, 1943, haziness of vision in the right eye first developed. Three 
days prior to admission pufliness about the eyes developed. The patient had 
mumps at the age of 6. There was no history of tuberculosis in the family. 

Physical examination on admission revealed enlargement of both lacrimal 
glands (Fig. 1) ; both parotid glands were enlarged, especially the right, and 
were not tender. Examination of the right ej^e showed a large, inflammatory 
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cauliflower cyst of the iris at 7 o’clock near the margin and a smaller cyst of 
the iris at 5 o'clock nearer the base (Fig. 2) . SliWamp study of the right eye 
revealed numerous, grayish, keratitic precipitates of various sizes, and in- 
flammatory cells were present in the aqueous humor. Many postsynechial 
and lens precipitates were also seen. The left eye appeared normal. The 
inguinal nodes were moderately enlarged and the epitrochlear nodes were 
palpable bilaterally. The remainder of the physical examination was negative. 



Fig. 2. — View of right eye of Case 1. Notice cysts of the iris. 

Laboratory Data. R.B.C, 4,720,000; hemoglobin, 103% (14.9 gm., Hellige); 
W.B.C, 1800;neutrophils, 47%; eosinophils, 6.5%; basophils, 1.5%; monocytes, 
14%; lymphocytes, 31%; platelets, 174,000 (direct); hematocrit (Wintrobe), 
44; mean corpuscular volume, 93 microns; mean corpuscular hemoglobin, 31 
micromicrograms; and sickling preparation negative. Kline and Kolmer were 
negative. Blood chemical studies were as follows: serum protein, 8 mg. %; 
albumin-globulin ratio, 1. 0-1.1; blood urea nitrogen, 12.5 mg. %; cholesterol, 
156 mg. %; icterus index, 6; serum calcium, 9.9 mg. %; serum phosphorus, 
4.5 mg. %; serum alkaline phosphatase, 12.2 (Bodansky units); serum acid 
phosphatase, 0.8 (normal 0.5-2.5 unite) ; and serum chlorides, 580 mg. %. 
Sternal bone marrow was normal. Agglutinations for typhoid, para-typhoid A 
and B, brucellosis, tularemia, and typhus fever were negative. Urinalysis 
was negative. Sodeman-Engelhardt urinary concentration test showed 
maximum specific gl’a^dty of 1.024 at the end of 2 hours. Phenolsulphone- 
phthalein test revealed 80% excretion at the end of 1 hour. Bence-Jones 
protein was not found in the urine. Mantoux tests were negative. Sputum 
was repeatedl}^ negative for tubercle bacilli. Stools were negative. Vital 
capacity was 2800 cc. (75% normal). Roentgenogram of the chest (Fig. 3) 
revealed bilateral hilar enlargement with diffuse infiltration throughout both 
lungs which appeared to radiate out from the hilum. Roentgenographic 
examination of the hands, feet, long bones, skull, and pehds were normal. 
Electrocardiogram was within normal limits. Biopsy of inguinal nodes on 
2 occasions as reported by Dr. Ernest Stark, Department of Pathology, 
Tulane University of Louisiana School of Medicine, revealed (Fig. 4) “almost 
complete replacement of the normal Ijmph node architecture hy small and 
medium sized circumscribed areas_ composed chiefly of large epithelioid cells 
arranged in a concentric manner, with a moderate number of lymphocj’^tes near 
the periphe^ 3 ^ Fibers of hyaline connective tissue surround each lesion and 
delimit it from its neighboring lesion. Giant cells are present in an occasional 
li^ion. Caseation necrosis is minimal and is present only in a few of the 
circumscribed areas.” 
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The first week in the hospital this patient ran an irregular low gi-ade fever 
which Avas never gi’eater than 99.6°. Repeated chest roentgenograms and 
blood studies were essentially the same as on admission. The patient im- 



Fig. 3. — Chest roentgenogram of first patient revealing marked bilateral hilar enlarge- 
ment with diffuse infiltration radiating toward the periphery. 



Fig. 4. — Microscopic section (X 400) of inguinal lymph node of Case 1 showing 

sarcoid lesion. 
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proved clinically and was discharged to the out-patient department on March 4, 
1944. 

Case 2. H. J., a 16 year old colored male, was admitted to the hospital 
February 3, 1944, with complaints of malaise and a chronic cough since Decem- 
ber, 1943. His cough had been non-productive. A history of a 25 pound 
weight loss in the past year was obtained, and a story of pleuritic pain on the 
right side 6 months prior to admission was given. There was no history of 
contact Avith tuberculosis. 

Physical exanimation revealed a generalized enlargement of the cendcal 
lymph nodes, while there ivas a suggestive enlargement of the right parotid 
gland. The axillary nodes were also enlarged but non-tender. The lacrimal 
glands were not palpable and slit-lamp examination showed both eyes to be 
apparently normal. The remainder of the physical examination was normal. 



Fig. 5. — Chest roentgenogram of Case 2. Notice hilar enlargement, thickened inter- 
lobar pleura on right, and diffuse infiltration. 

Laboratory Data. R.B.C., 5,540,000; hemoglobin, 90% (13 gm., HelUge); 
W.B.C., 5550; neutrophils, 65.5%; eosinophils, 5 %; basophils, 0.5%; mono- 
cytes, 16%; lymphocytes, 13%; platelet count, 68,400 (direct); hematocrit 
(Wintrobe), 40; mean corpuscular volume, 72 microns; mean corpuscular 
hemoglobin, 23 micromicrograms; and sickling preparation, negative. Bone 
marrow was normal. Ifline and Kolmer tests tvere negative. Blood chemical 
studies were as follows: blood urea nitrogen, 14.3 mg. %; blood sugar, 96 
mg. %; icterus index, 8.6; cholesterol, 196 mg. %; serum protein, 9.64 mg. %; 
albumin-globulin ratio, 1.0-1. 2; serum calcium 11 mg. %; serum phosphorus, 
4.5 mg. %; serum alkaline phosphatase, 17.5 (Bodansky units) ; and serum acid 
phosphatase, 2.4 (0.5-2.5 units, normal). Agglutinations for typhoid, para- 
typhoid A and B, brucellosis, tularemia, and typhus fever were negative. 
Stools Avere negative. Urinalysis Avas negative. Phenolsulphonephthalein test 
revealed 65% excretion at the end of 2 hours. Sodeman-Engelhardt urinary 
concentration test disclosed maximum specific ^avity of 1.028 at the end of 
2 hours. Bence-Jones protein was not found in the urine. Mantoux tests 
Avere repeatedly negatwe. Sputum examinations did not reA’^eal tubercle 
bacilli. Vital capacity was 3100 cc. (70% of normal). Electrocardiograms Avere 
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normal. Roentgenographic examination of the chest (Fig. 5) revealed bi- 
lateral hilar enlargement, thickening of the interlobar pleura on the right side, 
and diffuse infiltration radiating out from the hilar regions (more marked on 
the right). Roentgen ray studies of the bones of the hands, feet, skull, pelvis, 
and spine were negative. Biopsy of an axillary node revealed a microscopic 
picture almost identical with that described in the first case. 

This patient had no temperature elevation during his period of hospitali- 
zation, except for a period of 36 hours following lymph node biopsy. He was 
comfortable during hospitalization and blood chemistries and roentgenographic 
findings did not change appreciabl 3 n He rvas discharged to the out-patient 
department March 17, 1944. 



Fig. 6. — Photograpn ot (Jase 3. Notice right lacrimal and bilateral parotid enlargement. 

Case 3.* F. J., a 17 year old colored male, was admitted to the hospital 
March 3, 1944, from the out-patient department because of generalized Ij'^mph 
node enlargement. He became aware of swelling of the neck early in Janu- 
ary, 1944, and coughed frequentl 3 ^ This patient also gave a history of fever 
and night sweats. He had previouslj'- had mumps and gave no history of 
contact with tuberculosis. 

Physical examination on admission revealed a temperature of 100° F. 
Cervical, axillary, epitrochlear, and inguinal lymph nodes were moderatelj" 
enlarged, discrete, non-tender and were not attached to skin or bone. Lacrimal 
and parotid glands were not enlarged. Ej’^es appeared to be normal. The 
remainder of the physical examination was negative. On March 5, 1944, it 
was noticed that the patient’s parotid glands were enlarging (Fig. 6), were 
firm, and not tender. The right lacrimal gland was enlarged at this time. On 

* F. J. (Case 3) developed a small pleural effusion on the right in May, 1944. Thora- 
centesis was done, and 2 guinea pigs were injected without producing evidences of 
tuberculosis or other diseases. The patient deserted the hospital in June, 1944, and 
was ne.xt seen on October 5, 1944, at which time he complained of fever, sweats, and 
expectoration of bloody sputum. Roentgenogram of the chest at this time revealed an 
extension of the infiltrative process with several small areas suggestive of captation m 
the right upper lobe. Two of three sputum examinations have been positive for tubercle 
bacilli. 
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March 6, 1944, slit-lamp examination of the right eye revealed numerous, 
scattered keratitic precipitates of various sizes, mostly grayish in color. 
Numerous inflammatoiy cells were seen in the aqueous humor while the an- 
terior -^dtreous showed many scattered, grajdsh, inflammatory, cellular in- 
filtrations. Findings in the left eye were similar but less marked. On March 30, 
1944, skin lesions were first noticed on the lateral aspects of both thighs. 
These lesions were small, firm, and slightly elevated. They were somewhat 
paler than the surrounding skin areas. 



Fig. 7. — Chest roentgenogram of Case 3. Notice bilateral hilar enlargement with 
diffuse infiltration of both lungs which is more marked centrally and fades peripherally. 

Laboratory Data. R.B.C., 4,600,000; hemoglobin, 92% (13.3 gm., Hellige); 
W.B.C., 6200; neutrophils, 66%; eosinophils, 6%; basophils, 1%; monocytes, 
16.5%; lymphocytes, 10.5%; platelet count, 120,000 (direct); hematocrit 
(Wintrobe), 40; mean corpuscular volume, 80 microns; mean corpuscular 
hemoglobin, 28 micromicrograms; and sickling preparation was negative. 
Bone marrow was normal. Kline and Kolmer were negative. Blood chemical 
studies were as follows; blood urea nitrogen, 9.5 mg. %; blood sugar, 89 mg. %; 
icterus index, 8; cholesterol, 240 mg. %; serum chlorides, 590 mg. %; serum 
protein, 8.9 mg. %; albumin-globulin ratio, 1. 0-1.1; serum calcium, 10.4 mg. 
%; serum phosphorus, 4.5 mg. %; serum alkaline phosphatase, 11.2 (Bodansk3^ 
units); and serum acid phosphatase, 2.2 (normal, 0.5-2.5 units). Aggluti- 
nations for typhoid, paratyphoid A and B, brucellosis, tularemia, and typhus 
fever were negative. Urinalysis was negative. Sodeman-Engelhardt urinarj' 
concentration test disclosed a maximum concentration of 1.028. Phenol- 
sulphonephthalein test revealed 80% excretion at the end of 2 hours. The 
urine did not contain Bence-Jones protein. Mantoux test was 2-}- positive 
(1-1000). Sputum examinations were negative for tubercle bacilli and fungi. 
Sputum cultures were negative. Electrocardiograms revealed a P-R, interval 
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of 0.20 second which was considered long for age and heart rate (88) . Eoentgen- 
ographic examination of the chest (Fig. 7) revealed bilateral hilar enlargement 
and infiltration in both lungs, the infiltration being more marked centrally 
and fading out peripherall 3 \ Roentgen rays of the bones of the hands, feet, 
skull, pelvis, and spine were regarded as normal. Biopsy of an axillary lymph 
node revealed a microscopic picture compatible with sarcoidosis. Biopsy of a 
skin lesion also disclosed microscopic lesions considered typical of sarcoidosis. 

This patient has remained in the hospital for a period of 6 weeks and his 
temperature has varied from 99.0° to 102.4° F. dailJ^ He has lost 10 pounds 
during hospitalization. Repeated rdentgenographic and blood studies have 
added little of value. His electrocardiograms continue to show an abnormally 
long P-R interval of 0.20 second. 

Discussion. Some effort was made bj’’ us to contribute toward the 
etiology of sarcoidosis. Guinea pig inoculations with, material from 
the ffrst and second cases were negative. An antigen prepared from 
a lymph node of the second patient failed to produce positive intra- 
dermal reactions. An effort by Dr. Ernest Stark, Department of 
Pathology, Tulane University of Louisiana School of Medicine, to 
demonstrate “anticutins,” according to the method of Pinner and 
co-workers,^® was unsuccessful. 

In 1940 only about 100 cases of Heerfordt’s syndrome were to be 
found in the literature,"*'® while only 20 were from North America. The 
author has found 10 cases reported since 1940. Uveoparotitis was 
present in 2 of the 3 cases reported here. Each of these cases presented 
pulmonary and lymph node involvement, while skin lesions were found 
in only 1. 

A recent report** indicates that only 8 proven cases of sarcoidosis of 
the heart have been reported thus far. Undoubtedly, many other 
cases have occurred. Although other causes, such as an unrecognized 
previous rheumatic process, could not be definitely excluded, it is 
entirely possible that the prolonged P-R interval (0.2 second) of the 
third patient may have been an indication of sarcoid lesions in the 
heart. 

Leukopenia and eosinophilia were demonstrable in each of the cases 
reported. Red blood counts and hemoglobin values were essentiallj’’ 
normal. 

Although HarrelP reported in 1940 that serum phosphatase levels 
are increased in sarcoidosis, no technique was generally available at 
that time®'*® to determine serum acid phosphatase values. Serum 
alkaline phosphatase levels were elevated in each of these 3 cases, 
while serum acid phosphatase values were not affected. 

Blood calcium, phosphorus, cholesterol, glucose and urea studies 
revealed values within the generally accepted limits of normal. 

Summary. 1. A brief review of the historical, etiologic, patho- 
logic and clinical aspects of sarcoidosis is given. 

2. Three cases, including 2 with Heerfordt’s uveoparotid sjmdrome, 
are presented. 

3. The possibility of sarcoid lesions of the heart in 1 case is discussed. 

4. Seriun acid phosphatase values of these 3 cases were found to be 
within normal limits, while serum alkaline phosphatase values were 
elevated. 
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5. Other metabolic studies merely confirm findings previously re- 
ported by other investigators. 

6. No additional information concerning the etiology was revealed by 
these studies. 
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Studies of the plasma proteins in thyroid disease have been rather 
fragmentary. In 1932 Shirer^^ reviewed the literature and reported 
75 cases in which the total serum protein, albumin, euglobulin, pseudo- 
globulin I, and pseudoglobulin II were determined. In hyperthy- 
roidism he found a definite decrease in serum albumin and an increase 
in total globulin. There was a decrease in pseudoglobulin II, while 
pseudoglobulin I and euglobulin were increased. The average albu- 
min-globulin ratio ranged from 0.61 to 0.70 in different groups. In 
hypothjToidism reversal persisted, the ratio being 0.89 in 12 cases. 

Our studies were undertaken because fractionation of serum proteins 
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by the salting-out technique is open to considerable criticism and 
because electrophoretic analyses of plasma proteins in thyroid disease 
have not been reported. 

Methods. Protein Studies. A fasting blood sample was taken and oxa- 
lated, using 1.5 mg. potassium oxalate per milliliter of blood. The blood 
was immediatelj’- centrifuged at high speed and the plasma removed. Total 
plasma nitrogen was determined on an aliquot of plasma by the Pregh® modi- 
fication of the micro-Kjeldahl method. If the blood urea nitrogen was within 
normal limits, a non-protein nitrogen correction of 25 mg. per 100 ml. was 
used. If the blood urea nitrogen was elevated, the non-protein nitrogen was 
determined and the proper correction made. The value 6.25 was the protein 
factor used. Five nil. of plasma was diluted 1 to 4 with phosphate buffer of 
pH 7.8 and ionic strength 1.6. The diluted plasma was dialyzed 72 hours 
at approximately 3° C. in a cellophane sac against the phosphate buffer solu- 
tion. At the end of dialysis the diluted plasma was centrifuged at high speed. 
Studies were done in the Tiselius electrophoresis apparatus by Longsworth’s^ 
modification of the Tiselius method. Pattern areas were determined by the 
procedure of Tiselius and Kabat.*^ 


Table 1. — Plasma Protein Fractions of Normal Subjects 


Subj. 

No. 


Total 

protein 

((Pn.*) 

Albumia 

ff-Globutin 

/3-Globulin 

^-Globulin 

Fibrinogen 


Sex 

Gm.* 

%t 

Gm.* 

%t 

Gm.* 

%t 

Gm.* 

%t 

Gm.* 

%t 

A/Gt 

1 

F 

6.85 

4.48 

65.6 

0.50 

7.3 

0.80 

11.7 

0.79 

11.6 

0.26 

3.8 

2.12 

2 

F 

6.93 

4.42 

63.9 

0.49 

7.1 

0.97 

14.0 

0.85 

12.2 

0.20 

2.8 

1.90 

3 

F 

7.46 

4.53 

60.9 

0.65 

8.7 

1.02 

13.5 

0.91 

10.1 

0.35 

6.8 

1.75 

4 

F 

6.33 

4.02 

63.4 

0.52 

8.1 

0.78 

12.3 

0.78 

12,2 

0.22 

3.2 

1.93 

6 

F 

6.52 

3.97 

60.8 

0.52 

8.0 

0.88 

13.4 

0.72 

11.1 

0.43 

6.7 

1.87 

0 

M 

6.31 

3.84 

60.9 

0.41 

6.5 

1.00 

15.9 

0.76 

12.0 

0.30 

4.7 

1.77 

7 

F 

7.82 

5.11 

65.3 

0.66 

7.2 

1.07 

13.7 

0.76 

9.7 

0.32 

4.1 

2.14 

S 

F 

6.57 

3.97 

60.3 

0.55 

8.4 

0.73 

11.3 

0,90 • 

13.7 

0.42 

6,4 

1.84 

9 

M 

6.09 

3.74 

61.4 

0.51 

8.4 

0.68 

11.2 

0.90 

14.8 

0.26 

4.2 

1.79 

10 

M 

5.94 

3.84 

64.6 

0.40 

6.6 

0.65 

11.0 

0.71 

12.0 

0.34 

5.8 

2.18 

11 

M 

6.39 

4.19 

65.6 

0.42 

6.5 

0.86 

13.5 

0.55 

8.6 

0.37 

5.8 

2.28 

12 

F 

6.66 

4.12 

61.9 

0.47 

7.1 

0.84 

12.5 

0.75 

11.3 

0,48 

7.2 

2.00 

13 

F 

6.87 

4.21 

61.3 

0.42 

6.1 

0.99 

14.4 

0.83 

12.1 

0.42 

6.1 

1.88 

14 

M 

6.58 

4.08 

60.5 

0.40 

6.0 

0.90 

12.9 

0.90 

12.9 

0.50 

7.7 

2.04 

15 

F 

5.98 

4.02 

67.2 

0.40 

6.6 

0.67 

11.3 

0.60 

10.0 

0.16 

4.9 

2.22 

16 

M 

6.40 

4.25 

66.3 

0.50 

7.8 

0.78 

12.3 

0.63 

9.8 

0.24 

3.8 

2.22 

17 

M 

6.48 

3.90 

60.1 

0.43 

6.6 

0.92 

14.3 

0.87 

13.5 

0.36 

5.5 

1.75 

18 

M 

6.12 

3.76 

61.5 

0.42 

6.9 

0.84 

13.7 

0.77 

12.5 

0.33 

5.4 

1.85 

19 

F 

5.99 

3.72 

62.1 

o!39 

6.5 

0.77 

12.7 

0.74 

12.2 

0.39 

6.5 

1.98 

20 

F 

6.25 

3.95 

63.3 

0.41 

6.5 

0.96 

15.4 

0.71 

11.3 

0.22 

3.5 

1.90 

21 

M 

6.12 

3.82 

62.3 

0.46 

7.5 

0.81 

13.3 

0.70 

11.5 

0.33 

5.4 

1.94 

Average 


6.. 51 

4.09 

62.7 

0.47 

7.2 

0.81 

13.1 

0.77 

11.7 

0.33 

5.4 

1.97 

Range 


5.94- 

3.72- 

60.1- 

0.39- 

6.0- 

0.65- 

11.0- 

0.60- 

8.6- 

0.16- 

2.8- 

1.75- 



7.82 

5.11 

67.2 

0.66 

8.7 

1.07 

15.9 

0.91 

14.8 

0.48 

7.2 

2.28 


• Grams per 100 ml. plasma. 

t Percentage of total protein. 

t Albumin-globulin ratio calculated on serum basis. 

Subjects. Control values were determined on blood from 21 laboratoiy 
workers and physicians. These subjects were from 20 to 45 years old and 
had no abnormal physical findings. 

Twenty patients with hyperthyroid or hypothyroid sjunptoms were studied. 
In aU hyperthyroid cases an elevated basal metabolic rate with concurrent 
physical findings tjqiical of the disease was present. Criteria for decreased 
th 3 rroid function were an abnormally low basal metabolic rate, mj'^xe^ma, 
and elevated blood cholesterol in addition to characteristic phj’^sical abnor- 
malities. 

Twelve patients were studied who had progressive exophthalmos following 
thjToidectom 3 ’^ or Roentgen ra 3 ’' irradiation of the thyroid. Their basal 
metabolic rates were within normal limits, and exophthalmos was the onb" 
remaining visible s3Tnptom of the th3'roid S3mdrome. 
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Results. Normal values agree closely with those reported by Longs- 
worth and co-workers,® Luetscher,^® and Moore and Lynn as cited by 
Abramson and co-workers^ (see Table 1). 



Pig. 1. — Electrophoretic patterns of the descending boundaries of normal human 
plasma, of the ascending boundaries of plasma from a hyperthyroid patient before 
operation and 4 months after operation, and of the descending boundaries of plasma 
from a hypothyroid patient before and after thyroid therapy. 

Table 2 gives results for patients with hyperthyroid or hypothyroid 
symptoms. Series for the same patient are listed as a, h, and c under 
the patient’s number. Successive tests on hyperthjToid Patient 2 
and hypothyroid Patient 18 are shown in Figure 1. Figure 2 presents 
data on Patient 1, a typical hyperthyroid, before and after treatment. 
Figure 3 represents a series of studies on hj^pothyroid Patient 17, and 
Figure 4 a series on Patient 20, a cretin. Values for Patient 25, who 
had progressive exophthalmos, are seen in Figure 5. 



HYPERTHYROID 


TOTftlPROniH ALBUMEN rf-ClOBUUN />GLOBUUN rGlOBUUN FIBRiNOfiFN 



r~~~l POSTOPERATIVE 3 MONTHS 

Fig. 2. — Data on Patient 1, a typical hyperthyroid, before and after treatment. 
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X pl^isma. j Albumin-globulin ratio calculated on serum basis, 

t irercentage of total protein. ' g Basal metabolic rate — 10. 
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In the hyperthyroid cases, the most notable and consistent deviation 
from the normal was a low albumin, both in grams per 100 ml. and in 
percentage of total protein. An increase in a-globulin was noted in 
many instances. In some cases the fibrinogen level was also high. 
In the 2 cases of greatest elevation of fibrinogen the blood was taken 
2 days after operation, which may partially explain this change. The 
other cases were studied preoperatively. 

In the cases studied several months after operation, when all symp- 
toms of hyperthyroidism had subsided, the plasma protein picture was 
normal or much improved. 

In contrast with patients who had no postoperative sj^mptoms and 
showed a normal or nearly normal plasma protein picture was the 
group with progressive exophthalmos after thjToidectomy or Roentgen 
ray irradiation of the thyroid. Of the 12 patients studied, 10 had a 
strikingly abnormal plasma protein picture (Table 3). 

All adult hypothyroid patients had a decrease in percentage of 
plasma albumin. The /3-globulin was greatly elevated and the 
a-globulin decreased or at a low normal level, both in percentage of 
total protein and in grams per 100 ml. After treatment the /3-glo- 
bulin always fell and the a-globulin rose. In some cases the percent- 
age of albumin increased, although the actual value in grams per 
100 ml. showed no consistent change. 

In the cretin case the /3-globulin was much elevated, as in the adult 
hypothyroid cases, but the a-globulin was above normal. However, 
it may not be valid to compare values obtained on a child with those 
of normal adult controls. 

The decreased plasma albumin noted in the hyperthyroid cases 
agreed with reported values obtained by chemical fractionation. 
The values observed in our cases, however, were not as low as those 
reported when chemical precipitation was used. The average albumin 
percentage in the hyperthyroid cases was 54, whereas the average 
normal value was 62.7, The albumin-globulin ratio was also less 
radically altered. The normal albumin-globulin ratio was 1.75 to 
2.28; for hyperthyroids the ratio was 1.10 to 1.86. 

Comment, The fact that many hyperthjrroid patients have impaired 
liver function and histologically demonstrable liver damage suggests 
that liver changes may explain the decreased albumin (Beaver and 
Pemberton,® Maddock and others,^® Mclver^^). Low serum albumin 
was a very characteristic change observed by Gray and Barron® in 
the electrophoretic analysis of serum proteins in diseases of the liver. 

Experiments on hyperthyroid dogs by Drill and co-workers^ dis- 
closed greatly decreased liver function (as indicated by bromsulfalein 
excretion), which was evident in animals given the standard diet on an 
average of 45 days after beginning thyroid feeding. Administration 
of 10 gm. of yeast concentrate daily (equivalent to 200 U.S.P. units of 
vitamin B], 230 of riboflavin, 200 /j.g. of vitamin Be, and 1500 to 
2000 fig. of copantothenate per gram) delayed the derangement of liver 
function until 90 days after initiation of thyroid feeding. These experi- 
ments suggested the interesting possibility that the patients with the 
greatest alteration in plasma proteins were receiving the least adequate 
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vitamin B-complex diet. Such a thing is difficult to prove when 
patients have fully developed hyperthjToidism of some duration at 
the time the first studies are made. 

Reversible liver changes could also account for the return of plasma 
protein levels to normal after abatement of hyperthyroid symptoms. 

The low plasma albumin observed in the hypothyroid cases agreed 
with reported results for tliyroidectomized dogs (Goldberg^) and rats 
(Levin and Leathern'^). In the animal experiments globulins were not 
fractionated. Our studies showed an increase in /3-globulin and 7- 
globulin fractions. The plasma cholesterol was very high when the 
jS-globulin was most elevated. Experiments of Longsworth and asso- 
ciates® on plasma from a patient with obstructive jaundice yielded 
a very high /3-globulin value. The plasma contained a large amount 
of cholesterol. Extraction with ether reduced the /3-globulin peak. 
According to Abramson and co-workers,® “ this suggests a combination 
between lipids and /3-globulin.” 

Summary. The plasma proteins of 20 hyperthyroid or hypothyroid 
patients were studied by the Tiselius electrophoresis method. Control 
values were established on 21 normal subjects. 

In the 14 hyperthyroid cases the plasma albumin was below normal 
levels both in grams per 100 ml. and in percentage of total plasma 
protein. In the majority of cases the a-globulin was markedly 
increased. No consistent change was observed in the other globulin 
fractions. After thyroidectomy, when all symptoms of hyperthyroid- 
ism had subsided, the plasma protein picture was normal or had values 
only slightly beyond the normal range. 

In the 6 hypothyroid cases there was a low plasma albumin, a low 
a-globulin, and an increased ^-globulin. After some months of thy- 
roid therapy the plasma protein picture approximated the normal. 

In patients with progressive exophthalmos and no other residual 
symptoms of Graves’ disease, there was a low plasma albumin but no 
consistent change in the globulin fractions. 

Dr. Edmund E. Beard kindly furnished blood samples and clinical data on Patient 15. 

We wish to acknowledge the services of Mr. V. B. Seitz of the Cleveland Clinic, 
who helped in planning and construction of the Tiselius apparatus. 
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ASPIRATION BIOPSY OF THE THYROID IN THE EVALUATION 
OF THYROID DYSFUNCTION^* * * ’- 

By Capt. Ra-ymond F. Lipton, M.C., A.TJ.S. 

AND 

Lieut. IVIartin S. Abel, M.C., A.U.S. 

PHILADELPHIA, PA. 

(From the Surgical Ser\’ice of Benjamin Lipshutz, M.D., Mount Sinai Hospital) 

There are numerous clinical and laboratory tests for the diagnosis 
and evaluation of thjToid dysfunction. Nevertheless there is a group 
of cases "vs'here the laboratory and clinical findings are at variance and 
a diagnosis cannot be made definitely. The standard procedure for 
laboratorj'- diagnosis, the basal metabolism test, has certain limitations 
in its interpretation .'* Blood eholesterol levels and the galactose 
tolerance test are t-vvo other valuable laboratory procedures, but they, 
like the basal metabolism are affected by extrathyroid pathology. 
Other laboratory tests like the urinary creatinin, the creatinin hydrate 
tolerance test,**** the complement-fixation serum test® and the electrical 
impedance angle test for thyrotoxicosis® have been discarded for the 
most part as impractical or unreliable. The blood iodine level is a 
valuable indicator, but like other laboratory tests is but an indirect 
measure of thyroid activity. Clinical tests such as the quinine toler- 
ance test,® the thyroid tolerance test,® the adrenalin hypersensitiveness 
test® and the iodine tolerance test® are likewise limited in their scope 
and interpretation because the s^unptoms and signs of thyroid diseases 
can be closely mimicked by several other organic and functional 
disorders. 

The direct method of tissue examination always stands as the final 
diagnostic criterion. Biopsy has been used to establish the diagnosis 
in a variety of diseases in many organs, '\^^lere the tissue is approached 
easily, enough can be excised for ordinary histologic section. ^^Tere 
it is more inaccessible, aspirations have been resorted to, using a needle 
and syringe. The chief difficulty encountered with aspiration biopsies 
is that only a very small amount of tissue is obtainable, making the 
ordinary histologic diagnosis often unsatisfactory. 

Abeh has utilized a method of histologic diagnosis of thyroid dis- 
ease based on a micrometric examination of the thyroid acinar cells. 
Because the method utilizes the dimensions of the cells themselves, 
and not the general architecture of the gland, it can be used with 
very small amounts of tissue and thus suggests that aspiration biopsies 
can be used for the direct diagnosis of thyroid disease. 

Proced-ure. In order to make the procedure as simple and as atraumatic 
as possible, a technique has been followed using either a No. 18 or a No. 16 
gauge 2 inch intravenous needle and an ordinary 20 cc. syringe. The needle 
should be sharp and the s 3 T'mge fairty new so that the barrel and piston do 

* Thesis submitted by the Senior author to the Faculty of the Graduate School of 

Medicine of the University' of Pennsylvania, in partial fulfilment of the requirements 

for the degree of Master of Medical Science (M.Sc.lMed.l) for graduate work in Surgery. 
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not fit loosely. A record type or a special aspiration syringe (B. D. & Co.) 
may be used, but are not necessary. Tissues obtained are placed in 5% 
formalin and are treated as regular paraffin sections to insure uniformity of 
results. The tissues cannot be smeared like tumor aspirations as described 
by Martin and Ellis.'' However, to obtain a quick diagnosis, rapid sections 
can be done as outlined by them. 

The patient may be given a sedative 20 minutes before the aspiration. 
He should be lying flat with the neck slightly hyperextended. The gland is 
palpated and a small area in the midline of the neck close to the gland is 
prepared aseptically and a wheal is raised in the skin with 1% procaine. 
Some of the solution is injected continuously along the line of the intended 
puncture down to the gland. A small nick is made through the skin with a 
bistoury pointed scalpel (No. 11 B. P. blade) with the instrument held at 
right angles to the skin surface. This puncture of the skin facilitates insertion 
of the needle and prevents the needle becoming plugged with surface epithelium. 
The needle vith the sju-inge attached is introduced tilted about 30 degrees to 
the sagittal plane. It is advanced slowty through the superficial tissues until 
the point is felt to enter one or the other of the lateral lobes, whichever seems 
more accessible. This technique will avoid the trachea, and other important 



Fig. 1. — Transverse section of neck at level of sixth cervical vertebra illustrating an 

aspiration needle in place. 


structures, as shovm in Figure 1. Guided by palpation with the disengaged 
hand, it is striking how readily a difference in consistency of the tissues can 
be felt, as the point of the needle enters the gland. When the point of the 
needle is felt to enter the gland, the piston of the syringe is partly -withdrawn 
so as to produce a vacuum, and the needle is then advanced 1 to 3 cm. farther, 
depending on the size of the gland. Maintaining the vacuum, the needle is 
then withdra-wn to the same distance, advanced again, and withdra-wn, thus 
maintaining the vacuum constantly and keeping the point of the needle -within 
the gland. As the needle is advanced into the gland, a slightly rotatorj' 
motion may be given to the needle. Tissue from the gland enters the needle 
and is held -within it both by a punch action of the advancing needle and by 
suction of the vacuum. Care must be taken that the vacuum is maintained 
while the needle is manipulated -wnthin the gland. Aspiration by suction 
alone, with the needle at rest, is usually not sufficient to draw tissue into the 
needle, and is the most common cause of failure to obtain tissue. In 23 cases 
we failed to obtain sufficient material for examination in 3. 

Before the needle is completely withdravm from the tissues, the piston must 
be slowly released, the syringe detached, and the needle -withdrawn separately, 
otherwise any remaining vacuum may cause the aspirated material to be 
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suddenly drawn into and splashed over the interior of the syringe making its 
collection rnore difficult. Blood and tissue usually appear in the syringe while 
the needle is being advanced and withdrawn. This occurs especially in the 
diffuse toxic type, or so-called "blotting-paper” gland. ' In addition, there 
will most alwaj'^s be tissue in the needle. 

After complete withdrawal of the ajjparatus, the syringe is partially filled 
with air, again attached, and the contents of the needle expelled into the 
specimen bottle. If tissue is obtained, the needle and S 3 Tinge should then be 
washed with a small amount of the formalin to insure getting all of the material, 
as sonae of it may stick to the side of the needle and syringe. If no visible 
tissue is obtained, the procedure may be repeated, using the same or the con- 
tralateral lobe, and going through the same skin puncture. 



Pig. 2. — Aspiration biopsy of the thyroid gland. (Oil immersion.) 


Contrary to what might be expected, if a few minutes are spent explaining 
to the patient that it is a simple routine examination, it 'is accepted even bj'^ 
the toxic patient as casually as the basal metabolism test. Most patients on 
sight of the needle and syringe take it as “just another blood test.” It can 
be done in a few minutes with little discomfort. Occasionally when the needle 
penetrates quite deeply there maj"^ be a slight pain felt in the back of the neck 
which disappears when the needle is withdrawn. 

Thus far the procedure has been absolutely safe in our hands. The first 
7 tests were done on the operating table shortly before thyroidectomy to 
establish the safety of the procedure. In only 1 case (the second) was there 
anj'' exddence of Avhere the point of the needle had penetrated the gland. In 
this case we did not conform to our now established technique, and the needle 
was inserted lateral to the gland and resulted in a small hematoma. We have 
had no untoward results from the procedure, nor any unpleasantness of anj' 
kind. Up to the present the test has been done only upon hospital cases, but 
there does not seem to be any reason why it cannot be done in any clinic out- 
patient department or doctor’s office. 

_ On microscopic examination the aspiration specimens are found to contain 
ohlj' small particles of the gland itself in amongst much blood. On closer 
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examination under the oil-immersion lens, these particles are seen to consist 
entirely of acinar cells, arranged in acini and portions of acini from which the 
colloid material is entirely gone (Fig. 2). The force of the aspiration is appar- 
ently chiefly exercised on the cells, and the colloid is squeezed out and left 
behind. In those cases where only single cells are left, the acinar cells appear 
to be intact and undistorted in their acini and remnants of acini. The cell 
boundaries are as easily distinguishable as in ordinary sections of thyroid. 
In fact, in some, instances the cell borders are more difficult to delineate in 
whole gland sections, because of the gradual merging of globules of secretory 
material in the cell with colloid in the acini. 

The measurement of the thyroid acinar cells as described by Abefi in regular 
th3Toid sections of postmortem specimens was performed rvith a micrometer 
scale fitted into the eyepiece of the microscope and using an oil-immersion 
objective. The diameter of a cell was measured in all cases at a point crossing 
the nucleus, and on a line along the radius of an acinus. The cells were 
measured in blocks of 100 from 100 separate acini chosen at random according 
to where the scale happened to fall as the slide was systematically moved 
across the stage. The onty provisos were that the acini be open and the cell 
boundaries be distinguishable. 

This same technique was used in these experiments in measuring cells in 
control slides from operative specimens of thyroids from which aspirations had 
been previously obtained. In the measurement of cells from aspiration speci- 
mens, the technique had to be modified slightly because of the fact that in 
mmy instances only portions of acini were obtained in the specimens. The 
diameter of the cell was measured as before, across the neuclus along the 
apparent line of the diameter of the acinus. The cells were measured in blocks 
of 100 per aspiration chosen from 100 separate acini or portions of acini, 
chosen at random as the slide was systematically moved across the stage. 
The conditions for measurement were that the cell boundaries be distinct, 
and sufficient of the acinus be left that its apparent contour and radius be 
readily seen. 

With this procedure 100 cells from each of 20 aspiration specimens were 
measured. Later, sections from surgical specimens were obtained from each 
of 17 glands (aspiration was done on 3 normal patients with other surgical 
disorders) and 100 cells from each were measured and the results were com- 
pared with those from the aspirations. 

Findings. Abe9 used the criterion that an average cell height of 
over 6.8 units indicated toxicity in nodular goiters; a height of over 
5 units indicated toxicity in diffuse goiters, and a height of less than 
5 units indicated a normal gland. Each of his units equalled 1.4 mi- 
crons giving us the following standards to go by: 

1. An average cell height of over 8.1 microns indicates toxicity in 
nodular goiters. 

2. An average cell height of over 7 microns indicates toxicity in 
diffuse goiters. 

3. An average cell height under 7 microns indicates a normal gland. 

Using these standards we found that the measurements from all 

the aspirations w^ere of the magnitude expected (Table 1). 

The measurements obtained from the aspiration specimens com- 
pared very closely to the measurements obtained from the surgical 
specimens. The greatest discrepancy was only of a magnitude of 
0.7 micron in Cases 1, 6 and 10. 

We were able to make the diagnosis of toxicity in 16 cases of the 
17 cases examined. In 5 cases of nodular thyroids xve •were able to 
establish toxicity and in 11 cases of diffuse hyperthyroidism the diag- 
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• Normal peak value of galactose tolerance is 30 or less in 1 hour, 
t T.N.G. is toxic nodvOar goiter; T.D.G. is toxic diffuse goiter; N.T.N.G. ii 
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nosis of toxicity was established. In 1, Case 7, the diagnosis of 
toxicity could not be established by- aspiration biopsy. This patient 
was a diabetic and a narcotic addict which may explain some of the 
discrepancy. 

The clinicians in charge of these cases used the basal metabolic rate, 
primarily for diagnosis, giving us, therefore, elevated B.M.R. readings 
in all cases. As we used only operated cases for these studies of 
aspiration biopsy we cannot draw a true comparison between the 
results of the 2 tests. 

In 8 cases we obtained a blood cholesterol reading. Using a normal 
of 150 to 180 mg. per 100 cc., only 6 of the 8 were decreased enough to 
indicate a diagnosis of hyperthyroidism. 

Table 2. — Normal Cases 



1 

2 

3 

Patient 

L. de F. 

C. L. 

G. W. 

Age 

24 

22 

25 

Sex 

M 

M 

M 

Size of gland to palpation 

Small 

Small 

Small 

Average pulse range 

65-80 

75-82 

70-80 

Average blood pressure .... 

104/80 

120/80 

120/82 

Average pulse pressure .... 

24 

40 

38 

Basal metabolic rate 

-2 

-f4 

+2 

Aspiration biopsy ceU height, microns 
Diagnosis as to function of thyroid 

6 7 

6.3 

5.3 

gland from aspiration biopsy . 

Normal 

Normal 

Normal 

Clinical diagnosis 

Inguinal 

Postoperative 

Fractured 


hernia 

appendectomy 

femur 


In 15 cases galactose tolerance tests were done. Using a normal 
peak value of galactose tolerance as 30 mg. per 100 cc. or less in 1 hour, 
we found that all 15 cases had readings indicating hyperthyroidism. 

In all cases the presence of toxicity was confirmed by other clinical 
data and examination of surgical specimens in the ordinary manner. 

Aspirations done on 3 normal cases likewise confirmed the accuracy 
of the test and helped confirm the standards for cell heights used as 
our criterion for diagnosis (Table 2). These aspirations again were of 
the magnitude expected. The average cell heights were all under 
7 microns as would be expected in normal cases. 

Summary and Conclusions. 1. A method has been described for 
obtaining aspiration biopsies of the thjwoid gland. 

2. Aspiration specimens from 20 thyroid glands were examined 
microscopically and 100 acinar cells measured from each. Surgical 
specimens from 17 of these glands were obtained and 100 acinar cells 
measured from each. These results were compared with each other 
and with clinical data. 

3. It was found that a diagnosis of toxicity could be made on 16 of 
the first 17 aspiration specimens by the measurements alone. It was 
also found that measurements from the aspirations agreed very closely 
with those from the surgical specimens. 

4. In the cases described, the measurement of acinar cell heights of 
thyroid aspiration specimens has confirmed the diagnosis of toxicity 
in a majority of cases. Though it is recognized that methods now 
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in use are often adequate to decide the matter of toxicity, it is hoped 
that this direct method may prove to be a valuable adjunct in the diag- 
nosis of thyrotoxicosis. 
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COLD HEMAGGLUTININS IN PRIMARY ATYPICAL PNEUMONIA 
AND OTHER RESPIRATORY INFECTIONS*! 

By the Commission on Acute Respiratory Diseases! 

FORT BRAGG, N. C. 

(From the Respiratory Diseases Commission Laboratory, Station Hospital, Section 2) 

Until recently^ autohemagglutination in man has been considered 
to be an unusual phenomenon, associated primarily with hepatic in- 
volvement or blood dyscrasias. In 1918, however, Clough and Richter* 
reported the finding of an autohemagglutinin in the serum of a case 
of bronchopneumonia. Their careful investigation revealed that the 
reaction depended solely on a peculiarity in the serum, occurred only 
in the cold, and was reversible at room temperature. The agglutinin 
was absorbed from the serum by the patient’s cells and by human group 
O cells, as well as by cells of different species of animals. Although 

* Presented by Norman L. Cressy, Major, M.C., A.U.S., at the meetings of tlie Society 
of American Bacteriologists, New York City, May 4, 1944. 
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Foundation, the John and Marj' R. Markle Foundation, and the International Health 
DiHsion of the Rockefeller Foundation to the Board for the Investigation and Control 
of Influenza and Other Epidemic Diseases for the Commission on Acute Respiratory 
Diseases. 

t Members and associates of the Commission on Acute Respiratory Diseases are: 
John H. Dingle, Major, M.C., A.U.S., Director; Theodore J. Abernethy, Major, M.C., 
A.U.S.; George F. Badger, Captain, M.C., A-TJ-S.; Joseph W. Beard, M.D.; Nonnan 
L. Cressy, Major, M.C., A.U.S.; A. E. Feller, M.D.; Irving Gordon, M.D.; Alexander 
D. Langmuir, Captain, M.C., A.U.S.; Charles H. Rammelkamp, Jr., M.D.; J. M. 
Ruegsegger, hl.D. (resigned); Elias Strauss, Captain, M.C., A.U.S.; and Hugh Tatlock, 
1st Lieutenant, M.C., A.U.S. 



COLD HEMAGGLUTININS IN PRLMARY ATYPICAL PNHUMONiS 73? 


the agglutinating activity of the serum decreased as the patient recov- 
ered, it did not completely disappear. The conclusion was reached that 
the phenomenon was an individual and probably hereditary peculi- 
arity, and that the strength of the reaction may or may not have 
been related to the acute infection. 

During the past year, Peterson, Ham and Finland'*' and others'*’® ® 
have noted the presence of cold hemagglutinins in the serum of patients 
with primary atypical pneumonia. In . retrospect, it seems likely 
that the patient studied by Clough and Richter suffered from atypical 
pneumonia, and that the hemagglutinin was in all probability related 
to that illness. Knowledge of the mechanism of cold hemaggluti- 
nation, however, has not been extended beyond that derived from 
Clough and Richter’s study, nor have sufficient data been accumulated 
regarding the extent of the reaction in respiratory diseases. 

The purpose of this report is to present the results of a study of 
cold hemagglutination in 93 cases of primarj^ atypical pneumonia 
and 121 cases of other tj^es of respiratory^ disease. 

Methods. Selection of Patients. All of the patients included in this study 
were soldiers admitted to the Station Hospital at Fort Bragg during the winter 
and spring of 1942-43. The diagnoses were made by members of the Com- 
mission on Acute Respiratory Diseases and were based on the criteria presented 
in a previous paper Patients were included in the study group if the diagnosis 
on admission was “probable atypical pneumonia,” exudative tonsillitis, or 
exudative pharymgitis. Patients who had been ill for longer than 48 hours 
before coming under observation were admitted to the study only if the his- 
tories appeared to be reliable. Cases which were originally diagnosed as 
“probable atypical pneumonia” or exudative pharyngitis or tonsillitis, but 
did not eventually prove to be such, were kept in the series and studied in the 
same manner as the other patients. The final diagnosis and the number of 
cases in each category’' are listed in Table 1. 


Table 1. — Distbibetion of 214 Cases by Diagnosis and Maximum 
Cold Hemagglutinin Titbb 


Maximum titer 


Diagnosis 

<8 

8- 

16 1 

32 

64 

128 

256 

1 

512 

1 

! 1024 

2048 

> 2048 

Total 

Atypical pneumonia 

42 

8 

7 

7 

5 

4 

4 

7 

j 

1 

4 i 

2 

93 

Pneumococcal pneumonia 

2 

2 




1 



: 

1 


4 

Bronchitis resembling 
atypical pneumonia 

1 

1 8 

1 

1 

2 


1 



1 


j ' 

' 

1 

1 

1 

i 


11 

Sinusitis 

1 

1 

1 

! 

j 


1 

! 





1 

Exudative pharyngitis 
and/or tonsillitis 

62 

22 

4 

5 


1 

i 

j 

1 


! 

i 

1 


94 

Scarlet fever 

□ 

1 

B 

i 

1 


1 





4 

Measles 

1 

1 

B 


i 




1 

1 



3 

Undifferentiated 

4 



! 


i 

1 

1 

1 





1 

I 

1 4 

! 


Figures in table indicate number of cases 
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Handling of Senim Specimens. Blood was taken from each patient when 
first seen, and thereafter 2 or 3 times weekly for the duration of his hospital 
stay. In most instances the final blood was taken about 1 month following 
onset of illness. 

The blood was allowed to clot overnight at room temperature before the 
serum was removed. The serum was then stored in rubber-capped sterile 
bottles at 4° C. until used. 

Technique of Test. All of the sera from each patient were tested on the 
same day. Human defibrinated Group 0 erythrocytes were obtained daily 
from the same donor for all tests. The cells were washed three times with 
approximately equal volumes of buffered physiolo^c saline'* and then packed 
in the horizontal centrifuge at 1500 r.p.m. for 15 minutes. A 0.2% suspension 
of packed cells in buffered physiologic saline was used in the test. 

Two-fold serial dilutions of the sera beginning with a 1-4 dilution were 
made in buffered physiologic saline in 0.5 ml. volumes. To each of these was 
added an equal volume of 0.2% suspension; the final dilution of serum in the 
first tube was 1-8. After thorough shaking, the racks were kept at approxi- 
matelj”^ 4° C. overnight. On the following morning the tests were removed 
from the refrigerator one rack at a time and read immediately before warming 
could occur. A fluorescent source of light and a black background were used. 
Readings were graded from 44-, which consisted of a tight disk of cells which 
did not break up readily on gentle shaking of the tube, to l-k, which was the 
least amount of definite clumping of cells visible to the unaided eye. The 
end-point was taken as the highest dilution in which definite agglutination 
occurred. Positive tests were reread after 30 minutes at room temperature 
to eliminate hetero-agglutinins or other antibodies as the cause of agglutina- 
tion. All titers mentioned are fimal dilutions of serum and are expressed as the 
reciprocal of that dilution. 

Positive sera of previously determined titer were included in each day’s 
tests as a check on the sensitirity of the tests from day to day. In no instance 
did these control sera vary more than ± 1 dilution on repeated tests. 

Results. Effect of Variations in Technique. The above outlined 
method was the final form of the test employed in this study. Before 
it was adopted, however, 317 sera were tested using the method 
described by Ham,^ in which a 2% suspension of cells was used. The 
change to an 0.2% suspension was made in the hope of increasing the 
sensitivity of the test. The results using the two concentrations of 
cells are compared in Table 2. With but 4 exceptions the titers were 
higher using the 0.2% suspension, and 59 sera which had been con- 
sidered to have titers less than 8 using the 2% cell method, were found 
to have titers ranging from 8 to 256. 


Table 2. — Comparison op Results of Cold Hemagglutinin Titers Obtained 
ON 317 Sera Using Two Different Concentrations of Cells 


Titer using 2 % cells 

<8 

S 

IG 

32 

64 

128 

256 

512 


<8 8 

238 27 

1 


Titer using 0.2% cells 

16 32 64 128 

11 9 3 7 

..222 
1111 

1 !! 1 


256 

2 

1 

2 

1 

1 


512 


1 


1 


Figures in table indicate number of cases 
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The age of the erythrocj^tes was also found to be a factor in the 
results (Fig. 1). Nine sera were tested daily for from 4 to 6 days using 
cells taken from a donor on the 1st day of the experiment. The 
results are shown by the solid lines in Figure 1. In two sera (A and B) 
in which the maximum titer was 32, the titer fell to less than 8 when 
the cells used reached the age of 3 and 4 days respectively. The 
titer of one other serum (I), the maximum titer of which was 64, fell 
to less than 8 on the 6th day. The titer of serum C showed a drop 
of 3 tubes on the 5th day and serum G showed a drop of 2 tubes on 
the 4th and 6th days. Thus in 5 of the 9 sera tested there was a drop 
of 2 or more tubes in those tests using cells which were 3 or more days 
old. In contrast to this is the fact that the same sera when tested with 



DAY OF EXPERIMENT 


Fig. 1.— Comparison of cold agglutinin titers using cells obtained fresh daily (broken 
lines) and cells obtained on the first day and used throughout the experiment (solid 
lines) . 


fresh cells daily (broken line. Fig. 1) showed no tendency to a pro- 
gressive decrease in titer, and the maximum variation was 2 tubes. 
In every instance, the tests performed with the fresh cells showed a 
much more definite and more easily read agglutination than did the 
same tests carried out with old cells. 

In an attempt to evaluate possible differences in the agglutination 
of cells from different Group O donors, cells were obtained from 4 
different donors and tested with 6 sera. There were no variations of 
more than 1 dilution in the titers. 

Analysis of Cases. The results of the studies were analyzed for the 
purpose of determining the following points: (1) The titer of cold 
agglutinins in atypical pneumonia and other respiratory infection; 




(2) the titer of cold agglutinins throughout the course of illness and 
convalescence; (3) the relationship of cold agglutinins to the severity 
of illness. 

The Titer of Cold Agglutinins in Atypical Pneumonia and Other 
Respiratory Infections. Table 1 presents the maximum titers of cold 
agglutinins obtained during the illness in 93 cases of atypical pneu- 
monia and 121 cases of other respiratory infections. The sera of 42 
cases of atj^pical pneumonia had titers lower than 8. The remainder 
(51) had titers varying from 8 to more than 2048. In contrast, the 
titers for other respiratory, infections studied range only from 8 to 
32 with one exception. This single exception occurred in a patient 
ill with acute exudative pharyngitis. The maximum titer for cold 
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Fig. 2. — Percentage of sera from cases with atypical pneumonia and cases with exu- 
dative pharyngitis showing titers of 32 or more and average degrees of fever above 
99° F. by day of disease. 


agglutinins, which was 128, was found in the specimen obtained the 
day after the onset of his illness. Subsequent titers on specimens 
4 days and 3 weeks later were 32 and 16, respectively. A Group A, 
non-typable, beta-hemolytic streptococcus was isolated from pharyn- 
geal cultures, but the sera did not show a rise in antistreptolj^sin titer. 
There was no histor 3 ’- of a recent antecedent respiratory infection. 
The explanation for the presence of cold agglutinins in this patient is 
not apparent. 

Titer of Cold Agglutinins Throughoid the Course of Illness and Con- 
valescence. Figure 2 shows the per cent of sera from patients with 
atypical pneumonia and patients with exudative tonsillitis which had 
a titer of 32 or inore by daj' of disease and compares this with the 
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average degrees of fever above 99° F. for each day. These data 
are based on 49 cases of atypical pneumonia and 85 cases of tonsillitis 
in which it was felt that the date of onset could be determined accur- 
ately. In the cases with atypical pneumonia the per cent of sera with 
a titer of 32 or more increased from 6% in the 1st week to 50% in the 
3rd week of illness, at which time, if one considers the termperature 
curve as an index, the patients were well past the acute phase of their 
illness. The results in 85 cases of acute pharyngitis provide a distinct 
contrast when charted in the same manner. Ten % of the sera taken 
on the 1st day of illness showed a titer of 32 or more. Thereafter the 
incidence was never found to be above 5%. 


Table 3.— Distribution or 89 Cases of Atypical Pneumonia by Number of Days 
OF Fever Over 100° F. and Maximum Titer of Cold Agglutinins 



NUMBER OF DAYS OF FEVER OVER 100»F 


Relationship of Cold Agglutinins to Severity of Illness. Two objective 
criteria which lent themselves readily to reasonably accurate measure- 
ment were chosen as indices of severity of illness. These were the 
number of days of fever above 100° F. and the extent of the pul- 
monary lesion as evaluated by roentgenogram and physical examina- 
tion. 

Table 3 presents a correlation between the number of days of fever 
over 100° F. and the maximum titer of cold agglutinins at any time 
during the course of illness. The titer rose sharply between the 
2nd and 10th days of fever. In general, the more days of fever which 
the patients experienced, the higher the cold agglutinin titer became 
None of the cases with fever over 100° F. for 7 days or more had a 
titer lower than 256. 

The relationship between the maximum titer of cold agglutinins 
and the amount of pulmonary involvement is shown in Table 4. Of 
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69 cases with single lobe lesions 22 or 32% had a titer of 32 or more, 
while of 18 cases with multiple lobe lesions 13 or 72% had a titer of 
32 or more. There were 10 cases in which upper lobe lesions occurred 
either singly or in combination with involvement of other lobes. Qne 
of the 10 had a titer of less than 8; one had a maximum titer of 16, 
and the remaining 8 (80%) had titers of 32 or more. The highest 
titer seen in the entire series (65^536) had involvement of all three lobes 
of the right lung. The 3 cases with involvement of 1 upper lobe alone 
had titers of 8, 16, and 512. 

Table 4. — Distbibution or Cases op Atypical PsfEVMOmA Accoeding to Maximum 
Titer op Cold Hemagglutinins and Number of Lobes of the Lung Involved 



Figures in table indicate number qf cases 


It has recently been suggested by Dameshek* that the production 
of cold agglutinins might be influenced by the administration of 
sulfonamides. Sixty of the cases in this series are knovm to have 
received no sulfonamides during the course of their hospitalization. 
The titers in these cases ranged from less than 8 to 2048. Only 10 
cases were treated with sulfonamides and the range of cold agglutinin 
titers was exactly the same as in the non-treated cases. 

Discussion. During the last year numerous reports have appeared 
in the literature concerning the occurrence and significance of cold 
agglutinins in the sera of patients with primary atypical pneumonia. 
Peterson, Ham and Finland^ indicated that the presence of cold agglu- 
tinins might be of value in the differential diagnosis of this disease. 
They found that the highest titers occurred at or near the end of the 
febrile period. Horstmann and Tatlock® confirmed these observations, 
and stated that they were unable to demonstrate a clear-cut correlation 
between the severity of the illness and the titer of cold agglutinins. 

In the present series’ only 55% of the cases were found to have cold 
agglutinins and only 31% had titers of a level sufficiently high to 
distinguish them from other respiratory infections. Turner® has 
reported a series from England of 22 cases of atj'pical pneumonia and 
24 cases of other infectious diseases. Approximately 50% of the 
cases of atypical pneumonia in this series had titers of more than 16, 
whereas none of the other diseases had titers greater than 16. More 
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recently, Turner and others® reported the results of a somewhat larger 
series of cases. They found that of 83 cases of atj^iical pneumonia, 
50% had titers of at least 32 and 28% had titers of 128 or more. 
Of 136 cases of other types of disease including “influenza or grippe,” 
undifferentiated upper respiratory infection, pulmonary tuberculosis 
and mumps, the titer was over 16 in onlj'^ 4 cases and in no instance 
was it over 64. 

The results reported here are in close agreement with regard to the 
percentage of positive titers with those of Turner and his co-workers^'® 
but differ considerably from those of Peterson, Ham and Finland,'^ 
and Horstmann and Tatlock,® who reported that a large majority of 
their patients developed cold agglutinins. This may well be attri- 
butable to the fact that the present series and that of Turner et al. 
were both based on patients in militarj’^ hospitals who, in general, 
may be less severely ill than patients admitted to civilian institutions. 
The data presented in Tables 3 and 4 suggest strongly that the height 
of the titer of cold agglutinins is related to the severity of the illness. 

The data presented in Table 2 indicate that a titer of 64 or more in 
a patient ill with respiratory infection is strong evidence in favor of a 
diagnosis of atypical pneumonia. Lower titers are also of value, 
especially if sera taken at intervals during the course of illness show 
a rise in titer in early convalescence, and a drop thereafter. For 
example, in 93 cases of atypical pneumonia, there were only 8 cases 
with maximal titers of 32 or more which did not show this picture. 
The illnesses of 6 of these were of indefinite onset; in one a maximum 
titer was found 9 days after onset. In the Sth case, the maximum 
titer was found on the day after the estimated onset of atypical pneu- 
monia. In this instance, however, the true onset was difficult to de- 
termine because of a mild respiratory infection which began 8 days 
earlier. 

If the absolute level of titers is to be considered of value, it is im- 
portant to know something of the limitations of the test used and the 
possible sources of error which maj’- influence the results. Evidence 
has been presented to show that the age of the red cells used influences 
the sensitivity of the test. There is the further possibility that the 
test is subject to a certain amount of error because of possible variation 
in the agglutinating qualities of the donor’s cells from day to day. 
It would appear from the data thus far obtained that variations in 
titer of one dilution in either direction may be expected with the 
methods employed. 

Summary. 1. A modified method for detecting cold agglutinins in 
serum has been described. 

2. A study of the occurrence of cold agglutinins in the sera of 93 
cases of atypical pneumonia and 121 cases of other tjrpes of respiratory 
diseases has been presented and their value in diagnosis discussed. 

3. In this series the titer of cold agglutinins was found to be pro- 
portional to the severity of the illness as measured by the number of 
days of fever and the extent of the pulmonary lesion. 
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THE CONCOMITANT ADMINISTRATION OF SDLFATHIAZOLE AND 
QUININE OR ATABRINE* 

By Ben King Harned, Ph.D. 
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(From the Department of Pharmacology, Woman’s Medical College of Pennsylvania; 
the Department of Pharmacology, University of Tennessee; and The John Gaston 
Hospital.) 

In 1941 Harned and Cole^ observed in rats that the concomitant 
administration of quinine and sulfapyridine increased the absorption 
of sulfapyridine from the intestine and also the percentage and total 
amount of the acetylated fraction in the urine. The largest dose of 
quinine used in their series produced an average increase of 96% in 
the excretion of acetylsulfapyridine. Since this effect was not accom- 
panied by an increase in the volume of the urine, the possibility of 
renal damage suggested that these drugs should be considered, to an 
appreciable degree, therapeutically incompatible in the rat. The 
close relationship between tlie behavior of the sulfonamides in this 
species and in man inevitably raised the question of the existence in 
the human of similar incompatibilities. In malarial districts the 
frequent necessity for the concurrent administration of antimalarials 
and sulfonamides would appear to demand that the question be 
answered by observations on man, and because generalizations in this 
field are hazardous, conclusions drawn must be confined to the results 
from a specific combination of drugs. 

The rather short life of sulfapyridine in therapeutics precluded its 
use in our human experiments. In its place sulfathiazole was sub- 

* The work described in this paper was done under a contract, recommended bj’’ tlio 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the Woman’s Medical College of Pennsylvania. • 
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stituted. It is tlie purpose of this paper to report data on the con- 
comitant administration of sulfathiazole and quinine or atabrine to 
99 volunteer, hospitalized patients. 


Table 1, — ^The Schedule of Doses 


The sulfathiazole was given in 0.500-gm. tablets, the quinine bisulfate in 0.324-gm. 
capsules, the atabrine in 0.100-gm. tablets. When two drugs were administered on the 
same day a dose of each was always given at 8 a.m. 

Drug-Group 1. Sulfaihiazole; 3 gm. daily for 7 days; 2 gtn. initially followed 
at intervals of 8 hours by doses of 1 gm. 

Quinine bisulfate: 1 gm. daily on days number 5, 6 and 7; 
0.324 gm. per dose administered with the sulfathiazole. 


Diug-Group 2. Sulfathiazole: the same as in Group 1. 

Quinine bisulfate: 1 gm. daily for the first 4 days; 0.324 gm. 
per dose administered with the sulfathiazole. 

Drug-Group 3. Sulfathiazole: the same as in Group 1. 

*Quimne bisulfale: 2 gm. daily for 7 days; 0.324 gm. per dose 
at intervals of 4 hours. 


Drug-Group 4. Sulfathiazole: 4 gm. daily for 7 days; 2 gm. initially followed 
at intervals of 6 hours by doses of 1 gm. 

*Quinine bisulfale: the same as in Group 3. 

Drug-Group 5. Sulfathiazole: 6 gm. daily for 7 days; 2 gm. initially followed 
at intervals of 4 hours by doses of 1 gm. 

*Quinine bisulfate: the same as in Group 3. 


Drug-Group 6. Sulfathiazole: 6 gm. daily for 6 days; the same schedule as in 
Group 5. 

Atabrine: 0.300 gm. daily for 5 consecutive days; 0.100 gm. 
per dose at intervals of 8 hours. The administration of the 
atabrine started 24 hours before the first dose of sulfathiazole. 


Drug-Group 7. Sulfathiazole: the same as in Group 5. No antimalarial. 


* In addition to the dosage recorded, 1 gm of quinine bisulfate divided into 3 equal 
doses was given during the 18 hours which immediately preceded the first dose of sul- 
fathiazole. 


Method. Of 76 patients who completed the experimental period, 9 were not 
included in the tables because they represented transitional doses of drugs or 
deviations from the adopted routines. The data on 67 subjects are recorded 
and analyzed. These were divided, according to the drugs and the daily 
doses, into 7 groups, Table 1. In general, the schedule called for the adminis- 
tration of sulfathiazole in daily doses ranging from 3 to 6 gm. for a period of 
7 days. The daily dose of quinine varied from 1 to 2 gm. in the different 
groups and was administered during the last 3 days of the sulfathiazole- 
period in Group 1, during the first 4 days of the sulfathiazole-period in Group 2, 
and for 1 day preceding the sulfathiazole and then concomitantly with the 
sulfonamide for 7 days in Groups 3, 4, and 5. Atabrine was used in only 
one dose, 0.3 gm. per day for 5 days, and this drug was started 24 hours before 
the first dose of sulfathiazole (Group 6). A control group received only sul- 
fathiazole for 7 days (Group 7). The first dose of sulfathiazole was given 
at 8 A.M. From this time throughout the experimental period, 24-hour speci- 
mens of urine were collected and analyzed quantitatively for free and total 
sulfathiazole. Each sample was examined microscopically for casts cells 
and crystals. The specific gravity w^as determined and qualitative tests for 
albumin and sugar were made. If a patient discarded a specimen or vomited 
he was dropped from the experiment. 

suKathiazole and at intervals of 
48 hours thereafter, samples of blood were analyzed for free and total sul- 
fathiazole, hemoglobin, and the total number of W.B.C. The method of 
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Bratton and Marshall^ was used for the determination of sulfathiazole on 
filtrates of blood which represented a dilution of 1:100. Hemoglobin was 
determined by the Newcomer method.® All colorimetric readings were made 
with a photoelectric colorimeter. 


Table 2. — Diagnoses in Patients Who Completed Experimental Period 


Drug-Group Number:. 

1 

2 

3 

4 


6 

7 

Total 

Mean age: 

47 

47 

38 

48 

1 48 

39 

35 , 


Congestive lieart failure 

5 

4 

4 

8 

10 


m 

34 

Inguinal hernia 




1 

1 

6 

1 


8 

Acute appendicitis 


■ 




4 

1 

j 2 ! 

6 

Lobar pneumonia 

m 

■ 

1 


1 


1 

3 

Amputation of both feet 


■ 

1 


i 

1* 

1* 

2 

Acute arsenic poisoning 





1 

1 

1 

1 

Carcinoma of stomach 


1 

1 


1 



1 

Incisional hernia 







1 

1 

Head injury 





1 



1 

Hodgkin’s disease 

1 


1 


1 



1 

Body and limb lacerations 



i 

i 

1 

1 


1 

Lung abscess 




1 




1 

Pleural effusion 





1 



1 

Neuritis 



1 ; 


i 


1 

1 

Trigeminal neuralgia 


1 

1 





1 

Pulmonary tuberculosis 




1 




1 

Tuberculous lymphadenitis 



1 


j 

i 


' 

1 

Sciatica 

1 




j 



1 

Meningovascular syphilis 





1 



1 

Total 

s 

4 

9 

10 

14 

12 

10 

G7 


* Same patient. 


Subjects. Fifty % of the subjects-.were partially stabilized cardiac cases. 
Twenty % were surgical cases operated upon for hernia or appendicitis. The 
remaining patients were hospitalized for a wide variety of conditions, only 
1 of which would have been expected to have jdelded aberrant results. This 
was a convalescent case of acute arsenic poisoning, but the data on this patient 
were consistent with those'of the other members of the group. Table 2 lists 
the diagnoses and mean ages of the patients in the 7 drug-groups studied. 

Unfavorable Reactions. The patients were watched closely for sub- 
jective and objective evidence of toxicity. Of the 99 patients in the 
series, 5 were dropped for a Ihpse in cooperation, 1 undiagnosed case 

































HAENED, ETTELDORF: SULFATHIAZOLE AND ANTIMALABIALS 753 

was discontinued when there was no response to the experimental 
therapy, and 17 were abandoned because of unfavorable reactions to 
the drugs. Seventy % of the reactions consisted of vomiting, but most 
of these patients would have been continued had we not been interested 
in the quantitative relations between the intake and output of sul- 
fathiazole. Vomiting appeared in each of the last 5 drug-groups, but 
the incidence in the groups which received sulfathiazole and quinine 
was about twice that in tlie groups administered sulfathiazole alone 
and with atabrine. The i nterpretation of this difference is com- 
plicated by the fact that the sulfathiazole-quinine groups contained 
a higher percentage of cardiac cases, and it is possible that the reaction 
might have been associated with changes in the heart produced by 
quinine or digitalis. The other unfavorable reactions were; mental 
confusion in 1 patient in Group 5; unexplained chills in 1 patient in 
Group 5; drug fever in 1 patient in Group 7; and hematuria in another 
patient in Group 7. This patient had a urine volmne of 2400 cc. on 
the first day and 1890 cc. on the second day. The hematuria developed 
during the second day. Recurrent epistaxis was observed in 1 patient, 
in a transitional drug-group, who was receiving dailj^ 6 gm. of sul- 
fathiazole and 1 gm. of quinine bisulfate. 

Table 3. — Blood Sulfathiazole 


Hours subsequent to the first dose of sulfathiazole 



28 

76 



Sulfathiazole 




Sulfathiazole 


Drug- 

Group 

No. of 





No. of 






patients 




Free 

patients 






Free 

Total 


Free 

Total 

Free 



mg. S.E.m 

mg. 


% 


mg. 

S.E.m 

mg. 

S.E.m 




% 

% 



% 

sit 

% 

sh 

% 

1 

S 

3.2 0.14 

5.5 

0.42 

57.7 

8 

2.5 

0.39 

3.8 

0.51 

66.5 

2 

4 

2.9 0.26 

4.2 

0.17 

69.4 

4 

3.3 

0.22 

4.9 

0.39 

66.6 

3 

0 

2.6 0.36 

3.4 

0.42 

78.0 

9 

4.0 

0.30 

.5.5 

0.48 

73.4 

4 

10 

3.7 0.49 

5.0 

0.67 

75.0 

10 

4.0 

0.70 

5.6 

0.99 

71.6 


14 

.6.1 0.65 

6.5 

0.63 

77.9 

13 

4.5 

0.64 

6.9 

0.74 

64.2 

G 

12 

5.4 0.26 

6.6 

0.34 

82.0 

12 

4.9 

0.27 

6.2 

0.26 

78.4 

7 

10 

5.3 0.59 

6.8 

0.61 

78.4 

10 

4.9 

0.40 

7.4 

0.35 

66.2 


Hours subsequent to the first dose of sulfathiazole 



124 

148 

1 

7 

3.1 

0.41 

5.1 

0.63 

60.8 

1 

4.1 


7.8 


F,9 fi 

2 

3 

3.3 

0.90 

5.2 

0.85 

63.7 

1 

4.3 


6.4 


67.2 

3 

9 

3.4 

0.47 

4.8 

0.60 

71.6 






4 

10 

4.3 

0.39 

|5.5 

0.50 

77.6 







5 

10 

5.1 

0.43 

7.3 

0.70 

69.0 

3 

4.7 


6;G 


74! i 

86.5 

6 

4 

4.6 

0.48 

5.2 

0.82 

89.3 

10 

5.1 

0.37 

5/9’ 

O'.Sl 

7 

10 

6.3 

0.55 

7.8 

0.89 

80.8 





Results on Blood and Urine. Blood. Neither the hemoglobin nor 
the number of W.B.C. was affected unfavorably^bj'' any of the drug- 
cornbinations used. The sulfathiazole levels^are recorded in Table 3. 
Aeither quinine nor atabrine influenced .'sigpificandy ithe free or the 
total sulfathiazole in any of the groups. . . I, 









doses of 2 gm. depressed the dailj'^ total excretion of sulfathiazole. The 
mean depression for the 7-day period of the ratio 


amounted to 15%. Although the volume of urine in the group whieh 
received sulfathiazole alone averaged for the period more than that 
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COLLECTION PERIOD IN HOURS 

DRUG-GROUP NO50*NO6n( N07I 

Fig. 1. — The effect of quinine and atabrine on the percentage of tlie administered 
sulfathiazole recovered in the urine. Drug-Group No. 5 received quinine and sulfathia- 
zole: No. 6, atabrine and sulfathiazole; and No. 7, sulfathiazole alone. The dose of 
sulfathiazole was the same in each group. Tlie complete schedule of drugs and the 
number of patients in each group are recorded in Tables 1 and 2. 
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COLLECTION PERIOD (N HOURS 

DRUG-GROUP NasQi NOGDi N0.7| 

Fig. 2. — Urine volumes. 


of the group administered the 2 drugs, the correlation between the 
urinary volume and the total amount of sulfathiazole in the urine is 
poor (Figs. 1 and 2). For most of the periods the concentration of 
sulfathiazole in the urine of the group administered quinine (No. 5) 
was less than in the control group (No. 7). It is also interesting to 
note that the percentage of urinary sulfathiazole excreted free is a 
little less in the quinine-group. This difference is not statistically 
significant, and as an isolated observation it would be unworthy of 
notice, but the same trend was observed in the results on blood. 
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t . 1 • 1 j . 1 . • urinary suiiatniazoie j. _ • j. i 

Atabrme depressed the ratio, approximately 

the same, extent as did quinine. In the atabrine-group the depression 
bore no relation to the urinary volume (Figs. 1 and 2) . The percentage 
of free sulfathiazole in the urine was slightly greater in the atabrine 
group (No. 6) than in the control group (No. 7) and a similar tendency 
existed in the blood. 

Summary and Conclusions. 1 . The results obtained from 99 volunteer, 
hospitalized subjects indicate that the incidence of unfavorable re- 
actions, with the possible exception of vomiting, is not increased by 
the concomitant administration of sulfathiazole and quinine or ata- 
brine. The highest doses studied were: 6 gm. of sulfathiazole daily 
for 7 days; 2 gm. of quinine bisulfate for the same period; and 0.3 gm. 
of atabrine daily for 5 days. 

2. The combination of drugs produced no detectible clianges in 
the amount of hemoglobin or the total W.B.C. count. 

3. Quinine and atabrine produced only minor changes in the free 
and total sulfathiazole in the blood and in the urine. 
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THE EFFECT OF QUINIDINE ON THE MORTALITY OF RATS 
WITH EXPERIMENTAL MYOCARDIAL INJURY* 

By Wilbur C. Thomas, M.D. 

AND 

Tinsley R. Harrison, M.D. 

winston-saeem, n. c. 

(From the Departments of Pathologj"^ and Internal Medicine, Bowman Gray School of 
Medicine of Wake Forest College) 

The action of quinidine on the normal heart has been the subject 
of considerable investigation by pharmacologists, and there seems to 
be general agreement that the chief effects are prolongation of the 
refractory period, slowing of conduction time, and decrease in con- 
tractility. Large doses may cause either auriculoventricular block or 
even sino-auricular block, while still larger doses may induce complete 
arrest or ventricular fibrillation. All of these effects are probably due 
to one fundamental action, namely, the decrease in the restorative 
metabolism of the heart as has been emphasized by Goodman and 
Gilman.2 The paradoxical relationship between ventricular fibrilla- 
tion and quinidine action, the latter tending at times to prevent and 
at times to produce the former, can probably be ascribed, as Smith, 
IMcEachern and HalP have pointed out, to the antagonistic effects of 
the action on conduction and on the refractorj'- period. ^Wien the 
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prolongation of the latter predominates the tendency toward ectopic 
rhythms is reduced. On the other hand, when the delay in conduc- 
tion time predominates favorable conditions are set up for circus 
movements. 

When we pass from the normal heart to a consideration of. the 
abnormal heart there is less unanimity of opinion Concerning the 
action of quinidine. The effects of the drug apparently depend a 
great deal on the state of the heart at the time it is given. Thus, 
Smith and Boland® have pointed out that the drug causes sinus slow- 
ing in anesthetized animals and sinus acceleration in unanesthetized 
animals. Similarl.AS the prolongation of the P-R interval is much 
more striking in the presence of anesthesia, although the delay in intra- 
'S'^entricular conduction occurs irrespective of anesthesia. The con- 
fusion which exists as regards the pharmacology of quinidine in abnor- 
mal hearts is reflected in the clinical literature. Most authors agree 
that the drug may be invaluable in the patients with ventricular 
tachycardia, but there is still considerable uncertainty concerning the 
indications and contraindications for it in patients with auricular 
fibrillation and in individuals who have a condition which is likely to 
lead to ventricular fibrillation. The suggestion has been made^-“ that 
the drug should be used routinely in patients with coronary thrombosis, 
in an attempt to prevent ventricular fibrillation and sudden death. 
This suggestion has received certain support from the experiments of 
Wegria and Nickerson,*® who have studied the susceptibility of the 
hearts of dogs to ventricular fibrillation induced by electric shocks of 
various strengths. They found that in these animals quinidine re- 
duced susceptibility to ventricular fibrillation, but onlj^ provided the 
dose of quinidine was not too large and provided it was administered 
slowly. When large doses were administered rapidly, the suscepti- 
bility to induce fibrillation increased and spontaneous ventricular 
fibrillation frequently occurred. 

In order to simulate more closely in experimental animals conditions 
that occur in patients, certain investigators have studied the effect of 
quinidine in dogs following the ligation of a coronary artery. Mousset 
de Espanes® observed no effect from quinidine in reducing the liability 
to ventricular fibrillation following such experimental coronary occlu- 
sion. On the other hand, Smith, McEachern and Hall® reported 
opposite results. They produced occlusion of a large coronary branch 
in conscious dogs and observed that, although the animals receiving 
the drug were susceptible to ventricular premature beats and ventricu- 
lar tachycardia, they exliibited a diminished tendency— as compared 
to the controls— toward the development of fatal ventricular fibrilla- 
tion. The mortality in their experiments was 55% in the animals 
receiving quinidine as compared to 75% in the control group. How- 
ever, only a relatively small series of animals was used. 

One finding of especial interest, reported by Smith, McEachern and 
Hall® was that in conscious dogs the administration of quinidine seemed 
to reduce the pain caused by occlusion of a coronary artery. This 
is in keeping with the observations of Proger and Minnich,® and of 
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Riseman and Brown/ who found that the amount of exercise required 
to induce anginal attacks was increased by the administration of 
quinidine. It would seem that these interesting observations merit 
further investigation. 

The problem as to the possible value of quinidine in preventing 
ventricular fibrillation in patients predisposed to it can only be solved 
by the study of a large series of Avell-controlled cases. In view of the 
variability of the response of different individuals to the drug, it seems 
likely that such an investigation would necessarily involve several 
hundred patients. Consideration of the expense involved in experi- 
ments on many scores of dogs likewise make it difficult to arrive at an 
answer in these animals. Consequently, we have chosen to attack 
the problem in rats, which offer the advantage of making it feasible to 
carry out investigations on a large number of animals at a relatively 
slight expense. The rat, however, suffers from the disadvantage that 
one cannot readily induce a condition strictly comparable to coronary 
thrombosis in man. 

Experimental Procedure. All experiments were carried out on rats of 
either sex weighing approximately 200 gm. The animals were obtained from 
our own colony, which is a mixture of the Wistar and several other strains. 
Myocardial injury was induced by burning the ventricular surface of the 
temporarily exteriorized heart, according to the technique described by us 
elsewhere.^^ The amount of tissue injured was kept reasonably constant in 
the different rats, and hence it is believed that the degree of injury produced 
in the animals treated \vith quinidine isquite comparable to that in the controls. 

In one series of animals, quinidine was administered intraperitoneally 
immediately prior to the operative procedure. Another and larger group of 
animals received the initial injection of quinidine at the conclusion of the 
operation. The dose of quinidine employed varied from 0.005 to 0.002 gm. 
in different experiments. At the conclusion of the operation the animals 
which had received quinidine were placed in a cage which contained food to 
Avhich quimdine had been added in such amount tiiat each animal consumed 
approximately 0.02 gm. of quinidine per day. The control animals were 
treated similarly except that they received no quinidine at any time. The 
treated animals received the drug in the amount stated for a period of 3 weeks, 
at which time therapy was discontinued, as it was learned from experience 
that after this time all surviving rats remained in good condition except for an 
occasional one which Avould die of intercurrent disease. 

The animals were observed at frequent inter\’'als during the first few hours 
after the operation, and daily thereafter. Postmortem examinations were 
made in an attempt to determine whether death was the result of hemorrhage 
from the heart, infection in the chest, intercurrent disease such as pneumonia, 
or was unexplained. We were naturally particularly interested in those 
animals which displayed unexplained death, for it might reasonablj’^ be assumed 
that in these the development of cardiac irregularities such as ventricular 
arrest or ventricular fibrillation was concerned in the production of death. 

Results. The Operative Procedure. Arrhythmias developed in most 
of the rats. The one most commonly observed was a sudden brady- 
cardia which occurred in many of the animals when the heart was 
e.xteriorized. While the surface of the ventricle was being seared, 
sudden tachycardia of apparently ventricular origin (electrocardio- 
grams were not taken) occurred in many of the animals. Ventricular 
fibrillation, lasting only 1 to 3 seconds occurred in about one-half of 
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them and was followed in each instance by prompt recovery. An 
attempt was made to estimate the comparative frequency and severity 
of these arrhythmias in the rats receiving quinidine, as compared to 
the controls. No significant difference was noted. No observations 
were made concerning arrhythmias after the chest had been closed. 

The operative procedure resulted in severe respiratory distress. 
The animals had to be first anesthetized deeply with ether before the 
chest could be opened. The procedures of opening the chest, exterior- 
izing the heart, searing the surface of the ventricles, replacing the 
heart in the chest, and closing the chest ordinarily required a period 
of 30 seconds to 2 minutes, during which respiration was almost totally 
ineffective. Consequently, many of the animals developed respiratory 
failure and did not breathe spontaneously when the chest was closed. 
Artificial respiration was given both by inflating the lungs through a 
tube placed tightly over the nose and mouth of the animal, and by 
pressure on the chest wall. Even so, a number of the rats could not 
be made to breathe following the operative procedure. The incidence 
of such respiratory failure was much higher in animals receiving 
quinidine than in the controls. This point will be emphasized in more 
detail later. 


Table I. — Effect of Pbeopebatfve and Pobtofebative Administbation of 
Quinidine on Mobtality Caused by Btjbning the Myocabdium 


Group 

No. of 
animals 

Opera- 

tive 

deaths* 

Postop- 

erative 

deathst 

Deaths 
during 
1st wk. 
(2nd to 

7 th day) 

Deaths 
during 
2nd and 

1 3rd wks. 

1 

Sur- 

vivors 

(after 

3 wks.) 

Mor- 

tality 

(%)t 

Remarks 


; Controls 

30 

i 3 

1 4 

7 

0 

1 

40.7 

Quinidine admin- 

I 

i TreatedH ^ 

30 

2 

12 1 

4 

1 

n 

00.7 

istered prior to 
t operation 

II i 

I Controls 

50 1 

4 

6 

9 

1 

30 1 

34.8 

I Quinidine admin- 

i Treated § 

47 

4 

8 

! 

4 

1 

1 

30 

30.3 

istered after 
operation 

III 

Controls 

25 

0 

0 

0 

1 1 

24 

4.0 

Received quini- 

Total . 

182 

13 

30 

24 

j 

4 

111 

1 

dine then ether- 
ized; no opera- 
tion 


* Under this heading are listed deaths due to the anesthetic and to hemorrhage from the heart, 
t This includes deaths not due to hemorrhage and occurring within the first postoperative day 
t In calculating mortality the operative deaths were omitted from consideration 
tf These animals each received quinidine. 0.01 gm. intraperitoneally, immediately prior to the 
operation, followed by 0.02 gm. daily orally, thereafter. 

§ These animals received quinidine in similar dosage except that the intraperitoneal dose was given 
immediately after the operation. 


The complete date of mortality are shown in Table 1. One can note 
here a definite discrepancy between the experiments in which quinidine 
was given preoperatively and those in which it was administered after 
the operation. It is dear that the administration of the drug prior to 
owning the chest resulted in a definitely higher mortality than was 
observed in the controls. It can be noted that this increase in mor- 
tdity occurred almost entirely in the immediate postoperative period, 
(i he term postoperative” is here used to include all deaths from 
the time the chest wall was closed until the next morning.) Most of 
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the deaths so listed occurred immediately after closing the chest and 
were due to failure of the animals to breathe. In a few instances 
respiration began and then ceased within the next hour or two. The 
difference between the controls and the treated animals in regard to 
postoperative mortality was so striking that it could hardly have 
been due to chance. On the other hand, the mortality was somewhat 
greater during the subsequent period in the controls than in the 
animals receiving the quinidine. At the end of 3 weeks the total 
mortality was 40.7 % of the controls and 60.7 % in the animals receiv- 
ing the quinidine, the difference being due to the greater incidence of 
the immediate postoperative deaths in the latter group. 

I^Tien, on the other hand, the quinidine was administered post- 
operatively, i. e., after the animal had recovered from the respiratory 
failure induced by the ether and the thoracotomy, the results were 
different. Here the mortality was slightly less in the animals receiv- 
ing quinidine, but the difference between the two groups was so slight 
as to be of questionable significance. 

In order to determine whether the doses of quinidine were in them- 
selves toxic, additional control observations were made. Twenty-five 
rats were given intraperitoneal quinidine comparable to that received 
by the experimental animals, and were then subjected to ether anes- 
thesia without an operation being done on the chest. Of these 25 ani- 
mals, all survived the immediate procedure, and only 1 died in the 
following 3 weeks, this animal dying of intercurrent disease. It may 
therefore be concluded that quinidine in the amounts employed is not 
seriously toxic for normal rats. 

At the beginning of the experiments, we had expected that if quini- 
dine had any protective value this would be most pronounced if the 
drug were given preoperatively. However, the results mentioned 
indicated that this assumption was quite erroneous. The drug ap- 
peared to be harmful on preoperative administration and was either 
ineffective or slightly beneficial when given postoperatively. Observa- 
tion of the animals indicated, as mentioned, that the increased mor- 
tality in those rats receiving quinidine preoperatively was due mainly 
to difficulty in establishing respiration immediately after closing the 
chest. Since inspection of the tongue indicated serious anoxia in 
practically every animal, it was thought that the increased mortality 
in the animals receiving quinidine preoperatively might have been 
related in some way to the combined effect of anoxia and quinidine. 
Accordingly, a series of experiments was done to test this point. 

Animals were placed in glass jars and subjected to reduced baro- 
metric pressure (see Table 2). Of 13 control rats not receiving quini- 
dine, 5 died from the effects of anoxia. Of 13 rats receiving quinidine, 
3 died from exposure to a comparable degree of anoxia. The series is 
too small to justif}"- the conclusion that quinidine tended to protect the 
animals from the effect of anoxia, but it does indicate that the drug 
did not make the animals more susceptible to death from anoxia. 
Another point of interest is illustrated by these experiments. It was 
found, as would be expected, that animals subjected to myocardial 
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injury a short time before, were decidedly more susceptible to the 
effects of anoxia than were normal animals. 

Table 2. — Effect op Qeinidine on Sensitivity of Rats to Anoxia 

Rats receiving 

Duration of Control rats quinidine* 

exposure to Barometric . ' % . • 

anoxia pressure No. of No. of 


Condition of rats 

(min.) 

(mm. Hg) 

animals 

Deaths 

animals 

Deaths 

Normal 

38 

320 

1 

0 

1 

0 

Normal 

58 

280 

2 

0 

2 

0 

Normal 

22 

200 

2 

1 

2 

0 

Heart seared 7 days before . 

39 

200 

2 

1 

2 

1 

Heart seared 30 min. before . 

30 

280 

6 

3 

6 

2 

Total 


.. 

13 

5 

13 

3 


* These animals received quinidine sulfate, 0.01 gm. intraperitoneally, immediately 
before exposure to reduced barometric pressure. 


Since the experiments indicated that oxygen deficiencj^ could not 
be held accountable for the increased mortality in the series of animals 
receiving quinidine preoperatively, it was thought that the anesthesia 
might in some way be responsible. Induction of anesthesia by ether, 
the anesthesia being severe enough to allow one to operate on the chest, 
did not result in a significant mortality, for, as mentioned, 24 of 
25 such animals which also received quinidine survived, a single death 
being due to intercurrent disease. However, in these experiments 
the degree of anesthesia did not proceed to respiratory failure, while 
in the animals subjected to myocardial searing, respiratory failure 
occurred in a large percentage; because in addition to the ether anes- 
thesia, these animals had their chests opened for a period of | to 2 min- 
utes. Consequently, it was thought that a deeper degree of ether 
anesthesia, proceeding to the point of respiratory paralysis, might 
throw some light on the toxic effect of quinidine. Accordingly, the 
following experiments were done: 

Table 3.— Effect of Quinidine on Recovery From Respiratory Paralysis 


Duration of 
apnea, 

(sec.) 

Induced by Ether 

Controls 

Quinidine 

No. of 
animals 

Deaths 

No. of 
animals 

Deatlis 

15 . . 

1 

0 

1 

0 

20 . . 

3 

0 

3 

1 

25 . . 

4 

1 

5 

1 

30 . . 

5 

2 

4 

1 

35 . . 

2 

1 

2 

0 

40 . . 

18 

3 

18 

12 

Total 

33 

6 

33 

15 


* This denotes the interval between cessation of breathing— induced by ether— and 
the institution of artificial respiration. 

Sixty-six rats were placed in ether jars and kept there for varying 
periods following the onset of apnea. Half of these animals had been 
given quinidine— 0.02 gm. per rat, intraperitoneally— prior to the 
induction of anesthesia. The experiments were quite convincing 
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Of the 33 control animals, only 6 succumbed, while of the 33 animals 
receiving quinidine prior to the induction of respiratory failure by 
ether, 15 succumbed (Table 3). It therefore seems clear that the 
increase in mortality in the animals which were treated with quinidine 
prior to the operation on the heart, can be ascribed to the effects of 
this drug, in tending to cause fatal respiratory, paralysis. This conclu- 
sion is in keeping with the observations of Gordon, Matton and 
Levine,^ who observed in cats that death due to quinidine usually 
occurred as the result of paralysis of respiration. 

The other point of interest in the studies is the possible significance 
of the fact that in the series of animals receiving quinidine postopera- 
tively, the mortality was somewhat lower than in the controls. The 
difference in total mortality was slight, but if the first postoperative 
day was omitted from consideration the animals receiving the drug 
exhibited a decidedly lower mortality (Table 1). 

Discussion. The data which have been presented seem to justify 
the following conclusions: (1) Under the conditions of these experi- 
ments, the administration of quinidine subsequent to the production 
of myocardial injury caused a slight decrease in mortality. (2) The 
administration of quinidine prior to the production of myocardial in- 
jury caused a significant increase in mortality, such increase being due 
to the effect of the drug on depressing the ability of the animal to 
recover from respiratory failure. 

Caution is naturally necessary in attempting to apply the results of 
a study on animals to the problem of the use of quinidine in patients 
with coronary thrombosis. In the first place there is the species differ- 
ence; in the second place the type of injury produced by biuning the 
myocardium is not strictly comparable to that induced by occlusion of 
one of the coronary vessels. Consequently, in the following discussion, 
the opinions expressed are based not only on these experiments but 
on our own clinical observations, as well as on experience of others as 
available in the literature. 

There appear to be certain definite contraindications to quinidine. 
Among these is the presence of heart failure. Thus, the recent study 
of Smith and Boland® indicated that sudden death following quinidine 
administration is likely to occur when the drug is administered to 
patients with congestive failure and is very rare in the absence of this 
condition. These authors believed cardiac standstill to have been 
responsible for the instances of sudden death occurring in their series 
of patients. However, the observations on cats of Gordon, Matton 
and Levine,® as well as those reported on rats in this communication, 
indicate another possible explanation. These studies show that doses 
of quinidine which are ordinarily harmless may favor the development 
of respiratory paralysis, provided the breathing is already seriously 
disturbed. Hence, it appears possible that a similar mechanism may 
operate to produce death from respiratory failure when the drug is 
administered to patients already having disordered breathing as the 
result of cardiac failure. 

In regard to the possible dangers of quinidine administration, one 
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has to distinguish heart failure of long duration dependent on chronic 
myocardial disease and without a complicating arrhytlimia,^ from 
heart failure of short duration dependent on acute myocardial injury 
and precipitated by an arrhythmia. Thus, a person progressing favor- 
ably after coronary thrombosis may develop congestive failure fol- 
lowing the onset of ventricular tachycardia, and in such conditions 
the administration of q^uinidine may be life-saving because the drug 
may abolish the ectopic rhytlun. Similarly, we have seen several 
patients who developed auricular fibrillation for the first time shortly 
after coronary thrombosis and who as a result of the tachycardia and 
the arrhythmia developed congestive failure. In such patients like- 
wise the drug should be used. On the other hand, when the heart 
failure has not been precipitated by the arrhythmia and when it is of 
longer duration, it would seem that the administration of quinidine is 
dangerous. 

Although our experiments did not seem to indicate any particularly 
greater incidence of bradycardia and block following the administra- 
tion of quinidine, there is nevertheless ample evidence in the literature 
to demonstrate that the drug may aggravate a preexisting auriculo- 
ventricular or intraventricular block. (There is very little evidence 
that the drug will produce block in persons who have no disturbance 
of conduction and, in fact, our results, having been obtained on the 
hearts of normal rats, support this conclusion.) It would seem that 
quinidine is contraindicated in patients who have either auriculo- 
ventricular or intraventricular block, or who have a condition which 
is likely to lead to such disturbances of conduction. Since these com- 
plications develop much more commonly in persons with posterior 
than in those with anterior infarction, one should be especially cautious 
in administering quinidine to patients with posterior lesions. In order 
to make the distinction with certainty it is necessary to take electro- 
cardiograms, and as a rule it would seem unwise to give quinidine 
to a patient without a previous electrocardiogram. 

Aside from the presence of congestive failure and of auriculoven- 
tricular or intraventricular block, there are certain other conditions 
which probably constitute contraindications for quinidine. One of 
these is long-standing auricular fibrillation. Although embolism fol- 
lowing the reestablishment of regular rhythm is probably much less 
frequent than has formerly been supposed— it did not occur in any 
of the 41 cases reported by Smith and Boland®— this complication 
nevertheless has been reported in the literature and we have seen 
one instance which was probably the result of quinidine administra- 
tion. Furthermore, there are certain patients with auricular fibrilla- 
tion in whom the drug increases the heart rate by causing a change 
in the mechanism to that of flutter. Such an occurrence is exceptional 
and should not mitigate against the use of quinidine when auricular 
fibrillation suddenly develops as a complication of coronary throm- 
boMs, and when there are no other contraindications to its use 
^ jyhen we turn from the contraindications to a consideration of the 
xndwatwns for qmnidine in persons with acute myocardial iniurv the 
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situation is somewhat less confused. In ventricular tachycardia, 
which is not a rare complication of myocardial infarction, thp drug 
may be of great value. In auricular fibrillation of recent onset, 
quinidine would seem to be reasonably safe, provided none of the con- 
traindications which have been cited exist. The most common indi- 
cation for quinidine in patients with coronary thrombosis would seem 
to be anterior infarction with frequent premature beats. There is 
evidence to support the assumption that patients with frequent ven- 
tricular premature beats are more likely to develop ventricular fibrilla- 
tion than individuals in whom this arrhytlimia is absent. We have 
repeatedly administered the drug under these conditions and have 
usually observed a prompt cessation of the extrasystoles. No un- 
toward effects have been observed in any patient. The question as 
to whether quinidine should be given to individuals with posterior 
infarction and premature beats is a more difficult one and will probably 
not be answered by any generalization. If the extrasystoles are quite 
numerous and the patient presents no evidence of conduction defects, 
quinidine should probably be given. If, on the other hand, there are 
only occasional premature beats and definite evidence of auriculo- 
ventriculo-intraventricular conduction defects exist, the drug would 
seem to be contraindicated. 

Auricular flutter is a rare complication of coronary thrombosis, but 
occasionally occurs. We have seen one patient in whom the rate 
could not be slowed by digitalis but quinidine caused a prompt reversal 
to the normal mechanism with slowing in rate. Auricular premature 
beats, of sufficient frequency as to be important, and paroxysmal 
auricular tachycardia are rare complications of coronary thrombosis. 
Neither of these arrhytlimias respond particularly well to quinidine. 
On the other hand, nodal tachycardia occasionally occurs, and we have 
seen several instances in which this arrhythmia had been refractory 
to other means of treatment and has yielded promptly to adequate 
doses of quinidine. 

Another problem which has been discussed by several authors is 
whether quinidine should be administered routinely to all patients 
with coronary thrombosis who present none of the contraindications. 
The purpose here, of course, is to try to prevent ventricular fibrillation 
and sudden death. On the basis of the available evidence, our ovm 
belief is that this should not be done because some of the patients with 
posterior infarction may later develop conduction defects as the result 
of the infarct, and such defects would increase the likelihood of catas- 
trophes from quinidine. There still remains the problem as to whether 
one should give the drug routinely in patients with anterior infarction 
irrespective of the presence of any arrhythmia and in the absence of 
any contraindication. Our results on the rats with experimental myo- 
cardial injury, as well as the observations of Smith, MeEachern and 
Hall,® might be interpreted to support such a usage of quinidine. 
On the other hand, the difference in mortality in the treated and 
untreated animals was not great in our series, and the likelihood of 
toxic effects of quinidine would seem to be less in the previously 
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normal hearts of the animals than in the abnormal hearts of patients 
with coronary disease. Therefore, until further evidence is available 
it would perhaps seem wisest not to give the drug routinely to patients 
with anterior infarction, but to reserve its use for individuals with the 
arrhythmias which have been discussed and, except in the case of 
ventricular tachycardia, to withhold it when the contraindications 
which have been mentioned are present. Our data would suggest 
that the dangers from the use of the drug are greater during the first 
24 hours after myocardial injury than at a later date when the pro- 
tective action is apparently greatest. 

Operations on the heart are becoming more common and will prob- 
ably increase in frequency during the war. It has been suggested by 
Beck and Mautz^ that the routine use of quinidine in patients sub- 
jected to operations on the heart might decrease the incidence of sud- 
den death. Our experiments would suggest that, if the drug is to be 
used in such patients, it should be withheld whenever there is any 
well-marked dyspnea or when any respiratory disturbance is likely to 
develop as the result of the anesthetic or the operative procedure, 
because it seems that the existence of a disorder of breathing markedly 
increases the likelihood of respiratory failure and sudden death fol- 
lowing the administration of quinidine. A similar procedure would 
seem to be wise in the case of patients subjected to thyroidectomy. 
Here quinidine has been sometimes used in order to try to prevent 
postoperative ventricular fibrillation. We have used it preoperatively 
in a number of such patients and have never seen any untoward results. 
However, in view of the increased mortality in our animals when 
quinidine was administered preoperatively, we believe that in thyro- 
toxic patients the drug, if employed, should be used after the operative 
procedure has been completed. 

Summary and Conclusion. The effect of quinidine was studied on 
the mortality of rats subjected to experimental myocardial injury. 
The following results have been obtained; (1) When the drug is 
administered preoperatively, there is a definite increase in mortality. 
This increase has been shown to be related to the depressing effects of 
the drug on respiration. (2) When the drug was administered post- 
operatively, there was a slight decrease in mortality and an apparently 
significant decrease in deaths occurring after the first 24 horns. (3) 
The indications and contraindications for quinidine in patients with 
myocardial infarction and in persons subjected to operative procedures 
on the heart have been discussed. It is concluded that the available 
evidence does not favor the use of the drug routinely for such patients, 
and that if it is to be employed its administration should be begun after 
several days have elapsed following the onset of symptoms. 
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The purpose of this Review is to survey those advances in urinalysis 
of the past decade which are of importance in the medical management 
of pediatric patients. Designed to be practical rather than academic, the 
survey has been deliberately limited to tests of substances within the 
scope of the average technician with the equipment found in most clinical 
laboratories. More difficult technical problems which need handling by 
specialized skills and apparatus, such as hormone measurements, vitamin 
assays and creatine and mineral balances, are ignored or given but passing 
mention. Omitted also are descriptions of the intriguing liver and kidney 
function tests — the hippuric acid excretion test, the inulin and diodrast 
clearances, the hexose tolerance tests, the pituitary concentration test, 
and the like. For completeness sake it has been necessary with some 
topics to refer to occasional scientific contributions made prior to 10 years 
ago. 

The subjects discussed comprise; (1) proteinuria; (2) quantitative 
counts of urinary sediments; (3) melituria; (4) sulfonamides; (5) pig- 
ments; (6) findings in newborn and premature infants, and (7) other 
miscellaneous items. 

1. Proteinuria. Traces of mucinous proteins can be demonstrated in 
all urines,”^’’®® if carefully looked for by refined techniques. This holds for 
both children and adults. For 5 normal boys 2 to 7 years of age having 
urines negative with 20% trichloracetic acid, Wang and Wffi®® found a 
daily elimination 5 to 14.2 mg. The exact quantities varied from day to 
day and from child to child. Proteins of this sort escape detection in the 
routine precipitation tests, which are less highly sensitive and pick up only 
serum proteins when present. 

Proteinuria Associated With Physical Activity. That violent exercise 
or physical actiAuty will induce proteinuria is almost too well known to 
require comment, but 2 recent studies on subjects in the pediatric age 
group have been reported. Thirty-seven boys 7 to 13 years of age, were 
tested, after racing, by Nakagaiva and Kawamo.“^ Following short foot- 
races (40, 60, or 135 meters) proteinuria appeared in 2 boj^s; following a 
long race (1200 meters) proteinuria appeared in 35 of the 37. Parentheti- 
cally, glycosuria never was noted. Of 36 high school athletes, aged 16 to 
IS j'ears, tested after football practice, Preston^ found protein, casts, 
red cells and leukocytes in the urine of 6. Preston followed the urines of 
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15 of these players through the football season, and found only 3 that 
never exhibited proteinuria after at least 1 game. The encountered 
concentrations of protein in the urine ranged from 0.5 to 6 gm. per 100 ml. 
After the playing season was over, the urines of all but 1 youth again 
became protein-free. 

Febrile Proteinuria. Of 11 different diseases in 300 patients studied by 
Ehrstrom,®^ pneumonia and influenza gave rise to proteinuria 10 times as 
often as did any of the others. Neither duration nor height of the fever 
appeared to be of influence. Ehrstrom concluded that the pneumococcus 
must play a somewhat specific role in causing kidney damage. 

Intermittent Proteinuria. References to the many early studies on the 
frequency of so-called intermittent or postural or orthostatic proteinuria 
in childhood can be found in the paper by Calvdn, Isaacs and Meyer®° in 
1926. Studies since that time on large groups of children have apparently 
not been reported. 

The literature concerning the etiology of orthostatic proteinuria was 
recently reviewed by Young, Haines and Prince.*®® The chief theories as 
to its etiology were later listed by Prince;*-'* (1) Increased lordosis of the 
lumbar spine causing mechanical obstruction to the renal circulation. 
(2) Decreased renal blood flow concomitant with the fall in pulse pressure 
in the upright position. (3) Vasomotor instability. (4) Subnormal 
constitutional development. (5) Reflection of a general lowered condi- 
tion — asthenia, malnutrition, lowered vitality and resistance. (6) Im- 
balance of the autonomic nervous system. (7) Actual lesion of the renal 
substance, very mild in character, not demonstrable by ordinary methods. 
(8) Focal infection in some cases. Other names which have been used to 
describe the condition are benign, functional, growth, adolescent, physio- 
logic, intermittent and cyclic proteinuria. 

Intermittent 'proteinuria is no longer interpreted as a sign of disease of the 
kidney. This conclusion is based upon accumulated clinical experience 
which can be summarized under 4 headings ; 

1. In otherwise normal indi^dduals, intermittent proteinuria has a 
high rate of occurrence as compared with the relative infrequency of the 
nephritic disorders. On testing the urines of 50,000 British soldiers during 
World War I, MacLean,®^ after deductions for pus or spermatozoa and of 
those with “less than 5 mg. per 100 cc.,” demonstrated an incidence of 
2.2 %. McLeod and Ameuille,*®^ in 1916, encountered 263 positive (3.7 %), 
in 7041 French and British troops. Of 2269 West Point cadets and oflicers, 
Ashburn*® found 360 (16 %), Avitli proteinuria. In 20,000 men entering the 
University of Minnesota, Diehl and McKinlaj^ found an incidence of 
1065 (5.32%). On reexamination, approximately 75% of those who had 
had a trace on entrance were protein-free. Bashford** examined, 25 years 
later, some 30 men who had shown proteinuria when 14 to 16 years of age, 
and found only 1 still with protein in the urine. Of 3642 students enter- 
ing the University of Pennsylvania, Burden-'* found 949 (26%), posi- 
tive 69.3% of these were negative on reexamination. Blatherwick^* 
reported on the urine findings in 15,000 employees of the Metropolitan 
Life Insurance Company, a group representative of the general population 
in age and sex distribution and state of health; 91.6% were negative, 3.3 % 
had about 10 mg. of protein per 100 ml. and 1.7% had 20 mg. or higher. 
Of 4500 male youths aged 14 to 17, examined in Vienna during 1932 and 
1933 by Nowak,**® 624 (11.1%), had orthostatic proteinuria, whereas but 
36 (0.8%), had chronic kidney disease. Calvin, Isaacs and Meyer,® 
found the incidence to be 60% in 189 poor children and only 5% in 331 
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children from a well regulated orphanage. They ascribed the higher rate 
to the poor hygienic surroundings, the poorer state of nutrition, and the 
many untreated foci of infection. 

In Wohnan’s*®^ study of the admission urine specimens of 22,000 pre- 
sumably healthy American men entering the U. S. Maritime Service, 
of 400 completely studied instances of proteinuria, 382 were found to be 
intermittent or “orthostatic,” and only 8 were proven to be nephritic. 
In another series of 110 men with urines negative on arrival, 56% showed 
proteinuria at least once when tested 8 times in a 5-day period. This 
latter study demonstrates that the values reported for the frequency 
of proteinuria must be viewed as minimal when based upon single specimen 
determinations, since random specimens will often fail to uncover the 
distm-bance. 

2. Intermittent proteinuria displays a definite cycle in relation to age. 
Its incidence rises from the sporadic childhood level to reach a maximum 
during the years of puberty and adolescence, and then declines rapidly 
above age 18 to become negligible above age 25. Thus, in Lauener’s^® 
investigation on 5000 school children, there was found an incidence of 
6.7% in 1246 children aged 6 to 7 years; of 27 % in 1350 children 10 to 
11 years; and of 38% in 2481 adolescents 15 to 16 years of age. The 
percentages at all ages were higher for girls than for boys. It should be 
pointed out the protein shown by most of the children was in trace amounts. 
Lee®^ noted, among Harvard freshmen of average age 18, that proteinuria 
occurred in about 5%; whereas, in upper classmen of average age 20, the 
incidence was 3.5%. Diehl and McKinlay’s^ college freshmen were 
5.32% positive; whereas MacLean’s®^ soldiers, older in age, were but 
2.2 % positive. In Thorp and Wakefield’s^®® 100 Mayo Clinic patients with 
age range 4 to 47 years, 26 were 12 years old or less, 67 were between 12 and 
30, and only 7 were 30 or over. In 64 cases collected by Young, Haines 
and Prince^®® from the Johns Hopkins Hospital files, the ages ranged from 
9 to 39 years, the majority being between 14 and 18 years. In Wolman’s^®® 
series, the incidence among Maritime Ser-sdce trainees was highest at age 
16 and declined quickly in men but a few years older. 

3. There are two principal differences in the urine findings between 
intermittent proteinuria and true nephritis : (a) In nephritis the excretion 
of protein is continuous rather than inconstant, regardless of posture or 
exercise.®®’®® Occasional instances of mild chronic glomerulonephritis which 
are subclinical for years, and the nearly well patients convalescing from 
acute nephritis, seem to be the only exceptions to this rule. With such 
cases the proteinuria may usually be elicited by active work or lordotic 
posture,®® though absent or slight when resting. Sometimes, too, a mild 
nephritic proteinuria can be made to clear transiently by the forcing of 
fluids or administration of alkali in large doses,®® though generally 
speaking proteinuria persists constantly in active nephritis. (6) In addi- 
tion, erythrocytes and casts appear regularly in the sediment during 
nephritis. Even the above-mentioned exceptional mild or latent cases 
with inconstant proteinuria usually excrete an increased number of red 
cells or casts, to be detected by careful microscopy or quantitative 
procedures such as the Addis sediment count.® Intermittent proteinuria 
usually gives rise to no abnormal microscopic findings. 

4. Actual follow-up studies of individual cases have brought out the 
harmless and benign character of intermittent proteinuria. Thus, when 
Palmer'i® tracked dovTi, after 8 or more years, 35 former college students 
who had once had proteinuria, only 2 still exhibited traces in the urine. 
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Of 35 others who replied to a questionnaire, not one was having symptoms 
of renal disease. After an average interval of 7 years, 64 cases were re- 
examined by Thorp and Wakefield, and all but 1 were in good health. 
Of 18 others that had had persistent proteinuria with an orthostatic 
increase, only 2 showed renal disease an average of 7.7 years later; the 
urine of the other 16 had become entirely negative. Nor did any of Lee’s®’ 
students with proteinuria develop nephritis over a 5-year observation 
period. Of 14 patients followed by Young et 4 were protein-free in 
2 years, 6 in 3 years, 1 in 6 years, and 3 in 12 years. Evers®® reported 
that, after 9 years, insurees of the New York Life Insurance Company 
who had had proteinuria without casts or other evidences of nephritis, 
showed no increase in mortality above normal expected levels. Similarly, 
Christiernin, Dublin and Marks,®^ in a survey of policies issued by the 
Metropolitan Life Insurance Company from 1925 to 1935, and studied 
in 1937 and 1938, found no unusual mortality in otherwise normal pro- 
teinuric indmduals, though when the proteinuria had been associated 
with hypertension or obesity the mortality was much above normal ex- 
pectation. MacLean®’ found the distribution of “trench nephritis” no 
higher among troops who had had a positive protein test earlier in the 
campaign than among those whose urine had been negative. Of the 
22,000 men studied by Wolman/®- 27 cases of acute glomerulonephritis 
and 7 cases of acute pyuria developed subsequent to entry for training, 
but not one single instance came from the group of 400 individuals with 
proteinuria in the initial arrival specimens. 

Thus, from the evidence tabulated above, it may be concluded that 
when careful study uncovers no signs of nephritis or other renal disease, 
particularly when the subject is young, simple proteinuria of the inter- 
mittent type should be interpreted as a temporary reversible dysfunction 
and not as a positive or potential state of disease. 

Concentration of Protein. With kidney disease, as is well known, the 
excretion of protein may range from 5 gm. per 100 ml. of urine or higher. 
In nephrosis or severe nephritis down to the faintest detectable trace, 
5 mg. per 100 ml., or even none at all in convalescent nephritic patients 
when recumbent. Similarily in benign intermittent proteinuria the range 
may be nearly as great, from faint traces to at least as high as 3 gm. 
per 100 ml.’®^ In urologic lesions, proteinuria is irregular and unreliable 
as a diagnostic sign. It is evident, therefore, that the magnitude of the 
concentration of protein in individual specimens of urine is of little aid as a 
definitive criterion for distinguishing among the various types of pro- 
teinuria. Viewed statistically, however, the mean values for the concen- 
tration of protein are of greater magnitude in patients ill with kidney 
disease than in subjects having benign proteinuria.’®® 

In this connection, one may mention the observations on adults with 
chronic nephritis by Berglund, Scriver and Medes.’® These workers found 
a temporary increase in protein elimination on the change from resting to 
active walking, and a more permanent rise after the change from a low 
to a high protein intake. They found, too, that the rate of protein excretion 
per hour remained about the same regardless of whether there was diuresis 
or a scanty highly concentrated urine. Hence, one cannot estimate the 
total daily excretion of protein from the amount in a single urine sample, 
ndthout taking into account specific gravity and rate of diuresis. In acute 
neplvritis, Berglund and Frisk” noted that the rate of proteinuria is subject 
to quick inexplicable changes, irrespective of diet, particularly in the 
direction of improvement. 
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In intermittent proteinuria, as the name indicates, no constancy pre- 
vails. Urine specimens may be entirely protein-free at any time during 
the day as well as in recumbent inactivity. With many subjects, the 
assuming of a lordotic posture for an interval of time will not aggravate 
the protein elimination, though the majority do respond in this way. 

Nephritis. ‘ Pathogenesis of Proteinuria. Though traditionally referred 
to as “albumin,” urinary protein ordinarily consists of both albumin and 
globulin. The literature dealing with the nature and origin of the urinary 
proteins in renal disease was reviewed in 1936 by Bing,^“ to whose article 
the reader is referred for specific references. He pointed out that blood 
and urine proteins have been proved identical in chemical composition, 
in physical properties such as optical rotation, racemization, osmotic 
pressure and specific refraction, and in immunologic responses to precipi- 
tation, complement fixation and hemolysis reactions; on the other hand, 
proteins extracted from the kidne 3 '^ exhibit no such corresponding identity. 
Additional evidence that the urine proteins come from the blood is the 
lowering of the level of plasma protein in patients with proteinuria; it 
would seem impossible for the renal parenchyma to secrete such large 
quantities of protein as are excreted dailj'^ in severe proteinuria. 

Moreover, the urine proteins are not abnormal plasma proteins removed 
as foreign bodies or as elements in a detoxication process. Bing emphasized 
that the diffusibility of the serum proteins is no greater in the proteinuria 
patient than in normal individuals. Intravenous injection into healthy 
animals or men, of either serum or urine protein from patients ill with 
nephritis, will not cause proteinuria. On transplantation of a healthy 
dog kidney to the neck of a dog having uranium nephritis, no protein 
will be excreted through this “neck-kidney,” whereas similar transplan- 
tation of a uranium nephritis kidney to either normal or nephritic animals 
will be followed by proteinuria from this kidney. 

The leakage of protein is greater in nephrosis and amyloidosis than in 
glomerulonephritis and nephrosclerosis. With all of these conditions, 
Bing found fairly constant values for protein excretion from day to day 
under constant conditions, though the quantity rose and fell parallel with 
the protein content of the diet, and there was a rise after acid ingestion 
and in fever. These variations were appreciable and not related to corre- 
sponding variations in the creatinine clearance. The more prominent the 
glomerular lesions, the greater the excretion of large moleculed globulins. 
With cases having badly damaged glomeruli, as in beginning glomerulo- 
nephritis or late chronic glomerulonephritis with renal insufficiency, the 
ratio of albumin to globulin in the urine is low — between 3 and 10; con- 
versely, in nephrosis, which has slight anatomic changes, the ratio becomes 
high, there being 10 to 20 times as much albumin as globulin. The ver^'^ 
large molecule of fibrin is encountered but seldom in the urine. The fore- 
going statements from Bing’s paper epitomize the current concepts of the 
genesis of the urine protein in nephritis. In the present Review the litera- 
ture on the metabolic disturbances occurring in nephritis will not be 
touehed upon. 

The quantity of protein reaching the urine may not be dependent 
solely upon glomerular leakage, according to Addis,^'’ who was interested 
in Walker and Oliver’s^^ observation that an animal’s glomerulus may 
leak protein up to 30 mg. per 100 cc. of glomerular filtrate. If a human 
subject lost but 20 mg. per 100 cc. in his usual 24-hour glomerular filtrate 
of 180,000 cc., the total excretion per 24 hours would amount to 36 gm. 
of protein. Inasmuch as actual excretions during proteinuria are much 
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lower than this amount, and in the light of suggestive experiments of 
Gerard®^ and Randerath,^^® Addis suggested that some tubular resorption 
of protein may take place in the human kidney. 

In boys before puberty, proteins from the prostate or seminal vesicles 
will not appear in the urine after local massage of the parts, according to 
Calvin,^® and therefore the proteinuria found in subjects of this age cannot 
be attributed to such substances. 

2. Sediment Counts (Addis). A small number of formed cellular ele- 
ments can usually be recovered from any specimen of normal urine if 
intensive search is made. It is the increase in the quantities of these 
elements which assumes importance as one of the cardinal attributes of 
the disease, nephritis. For quantitative enumeration of cells and casts, 
the method proposed by Addis®"'® is in wddest use. This technique counts 
all the red cells, leukocytes and casts which are passed in a 12-hour period. 
For best results, the patient should have a low fluid intake for half a day 
prior as well as during the test period and not be receiving alkali medi- 
cation, in order that the urine when passed for collection be acid and not 
dilute. These precautions, plus a few drops of strong formalin placed in 
the collecting vessel, are essential to preserve the cellular elements from 
lysis, yet most laboratory manuals fail to so advise. Many published 
studies on results and interpretations of the test omit specific mention as to 
whether snch measures had been taken in the gathering of their data. 
Since the sources of error are many, it is wise to do counts in duplicate. 

Wide variations occur in normal subjects, and no close division can be 
drawn between normal and abnormal. As Addis®" pointed out, the method 
is not strictly quantitative; its chief intent is to express the rates of excre- 
tion in terms of approximate magnitude. Fluctuations in specific gravity 
and urine volume are more likely to occur in childhood than in adults, 
according to Lyttle,®® who recounted the difficulties in making children 
cooperate in the restriction of fluid intake for the necessary 24-hour period. 

Normals. Most of the reports on record deal with adults. However, a 
few pediatric workers®^ have commented most favorably on the 
usefulness of the Addis count for following the progress of recovery from 
acute nephritis. Before reviewing their findings, it is essential to have 
normal values clearly in mind. The upper limits of excretion for a 12-hour 
period in healthy children under 13 years of age, as compared with adults 
and expressed in round numbers, stated as follows: 


Author 

Addis^ (for adults) 

No. of 
children 

Casts 

6,000 

Erythro~ 

cytes 

500,000 

Epithelial cells 
and leukocytes 
1,000,000 

Rew and Butler'^s 

16 

38,000 

275,000 

• 850,000 (boys) 
4,000,000 (girls) 

Lyttle®* . 

74 

10,000 

600,000 

600,000 (boys) 
1,000,000 (girls) 

Soto*‘^ . . 

306 

7,300 

950,000 

3,000,000 

Boyle el al."* (postnephritic children) 

25 

18,600 

115,000 

1,000,000 


In nephritis the shedding of cellular elements into the urine becomes 
greatly increased, the magnitude of the sediment counts being from 2 to 
higlpr than 1000 above these upper normal limits. 

N ephritis. Snoke'^^ listed several “compelling reasons” why the Addis 
concentration method is essential for intelligent diagnosis and prognosis in 
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cases of renal disease: (a) Preservation of the formed elements is satis- 
factory only' by this method. Snoke cited instances with Ipw specific 
gravity or alkaline reaction and no casts or R.B.C. in the routine speci- 
mens ; yet the patients were ill with active nephritis and large numbers of 
casts and R.B.C. could be demonstrated by the concentration technique. 
(6) Exact measurement of the numbers of cells and casts excreted is 
more dependable than estimates made by ordinary techniques. Thus, one 
or two R.B.C. per high-power field seen in an ordinary test, may be 
regarded 'as having little significance, yet if the specimen is dilute this 
number may be representative of an excretion of several million cells per 
12 hours — a significant figure, (c) No other method affords reliable com- 
parison of the specimens wdth each other and the determination with 
reasonable accuracy of increase and decrease of formed elements. Fluctu- 
ations in dilution and hydrogen-ion concentration make the ordinary tests 
nearly worthless for quantitative recognition of changes for better or 
worse in renal lesions, (d) The Addis count is a more delicate test for 
renal disease than is the blood urea level, phenolsulfonephthalein excre- 
tion and other functional tests which often give normal values in the 
presence of mild or minimal nephritis. For example, Snoke was able to 
uncover 14 mild chronic cases of glomerulonephritis in one children’s 
clinic by following up with the Addis test healthy appearing youngsters 
who had exliibited mild albuminuria, hematuria or casts in their pre- 
operative routine urinalyses. 

Rubin, Rapoport and Waltz'®^ found the red cells to be the most con- 
stant and persistent abnormality of the Addis count. Taking the value of 

1.000. 000 red cells per 12 hours as the upper limit of normality, these 
workers found that during recovery from acute glomerulonephritis there 
is a correlation between the return of the sedimentation rate and the red 
cell count, though the latter usually becomes normal about 5 weeks later 
than the sedimentation rate. In 40 children with acute glomeruloneph- 
ritis, the routine urinalysis returned to normal on the 37th day, on an 
average, whereas the Addis count required 120 days to achieve normality. 
There was a close correlation between the number of days it took for the 
12-hour R.B.C. excretion to drop to the 10 million level (70 days) and the 
time required for the sedimentation rate to become normal (86 days). 
In an 8-year experience they saw no recurrence of acute glomerulonephritis 
in any patient who had sho^vn a complete recovery (by Addis count and 
sedimentation rate) following the first attack. 

Other Diseases. In children with acute infections, Rew and Butler^® 
found, by means of Addis counts, that the urine sedimentary elements 
tended to be more abundant than in control children free from infections. 

Lyttle®^ performed sediment counts 3 times weekly on 14 cases of scarlet 
fever. His patients were males aged 4 to 14 years, kept in bed on a low 
protein-low salt diet. One had had scarlet fever 7 years previously, and 
another had had acute glomerular nephritis following tonsiUitis (hemolytic 
streptococcus) a year earlier. None of the 14 patients developed clinical 
signs or symptoms of postscarlatinal nephritis, but every one showed a 
moderate transient increase in the excretion of protein and formed elements 
at some time between 8 to 45 days after onset of the scarlet fever. The 
highest levels reached (per 12 hours) were: for protein, 174 mg.; for 
casts, 1,320,000; for R.B.C., 12,915,000; for epithelial and W.B.C., 

9.460.000. Lyttle’s comment was that it is difficult to draw any definite 
line between th^e subclinical signs of renal irritation and true post- 
scarlatinal neplu-itis, though red cell excretion in an ordinary hospital case 
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of nephritis is usually in the hundreds of TTiinmr.= n • • , 

medical literature, he found a numher of reviewing the 

quantitative, showed that the sreat frpooo reports which, while not 
fever was already well known Lyttle’^sturT irritation in scarlet 

and emphasise Lt micrropiSatok ^ 

dependably by the Addis method than by' routine n*a'lvl“" 
Orthotohdine. Orthotolidinc (nM i • r ^rinaiysis, 

and more dependable than aiiaiio or I ^°^oluidine) is more sensitive 
in urine. This reaTenrW the detection of blood 

and Hardistyi32 2912 was recommo^^) by Euttan 

hematuria by Stone and 

orthotohdine useful for tlhs nurn^ ^ Pennock'^ found 

problem of nephritis was cvnlororf i application to the pediatric 
Carbone^^ and Weiner an? satisfactory by Calvin and 
To the centrifugersediment o^T. • 

urine are added 2 of orii resuspended in 1 ml. of 

alcohol, and 2 drops of a mivti^o^f solution in pure methyl 

merclal hydrogen peroxide 2 n-i 1 |^acial acetic acid 1 part and com- 
positive result the intensitv n/*f/ 1"^ transient blue color represents a 

red cells present Wdne^on^^ Paralleling roughly the number of 
orthotohdine test with t^s^of the findings of the 

from acute nephritis Th^nr o count in children recovering 

test when the Addis red oofl results rvith the chemical 

eluded that this test was not*^dor^ 17,250,000 or higher; they con- 
pathologic excretion of red cells^ In 

the threshold for nnsiflvo ^ 5' *1^ Eeviewer s experience, however, 

sensitive than the above vah^'^” orthotohdine is lower and more 

dextrose '^ghcoTe ^but^np,?”^^ frequently found in children’s urine is 
complex polvsaccharirlpc ^ fructose, _ galactose, sucrose and more 

restrict the term nh/mo “'f' times. Most American ivorkers 

more broadly to d^e^n^tTaC^'^f ^ dextrose, and apply vielituria . 
Melituria, a^ observed in itc T ®^'^*’®tion of any sugar in the urine, 
by Bock 22 ranfarpiiT i ^ been well surveyed in recent years • 

The discussion whirli /n ^rumper,®^ Marble,^”® Reiner,^-'’ and others, 
portance to the npd'-it^' emphasizes those aspects which are of im- 
reviews pknS »' "■*>-!. W been ignored in the 

sistent sugar i'^tbi*^?p;n that any infant or child having per- 

diabetes in childhond ^ diagnostic study. Granting that 

quency of melituric reaSSi? '^ith the relatively great fre- 

subjeet in question hn<s tRa there 15 always the possibility that the 
be a beniSi X"‘“? Even when the condition tims out to 

origin, or one of th„ lit? ““onriiry, emotionid or low renal threshold 
will be of service in fnttirm^^^ mr meliturias, the information now secured 
Techniques for Rponnn^t^ years if the excretion of sugar persists or recurs, 
to make sure that tbp n ^^^nhjication. It is important first of all 

technical error since tRe^f ^ ormance of the urinalysis itself is free from 
the initial recognition nf ^ sugar are often not properly made. For 
copper reagent is snnpi-i'r.,. ^ "’^dely used Benedict’s qualitative 

that it gives fewer false nneP? Trommer’s and Fehling’s reagents, in 
saccharose or sucrose i^ n ^sactions.^ It must be remembered that 
In urines containina 0 (1^ tr. n i with these reduction methods, 

in the majority of human nr'" which is the range occurring 

^ human urines, the Benedict test has a threshold sensi- 


tivity of about 0.05%, or 50 mg. of sugar per 100 ml. of urine.^®® The 
minute quantities of dextrose and other reducing substances which escape 
normally into all urine specimens are of a lesser order of magnitude and 
will not be caught by this test. The roster of these other reducing sub- 
stances comprises, among others, ascorbic acid, the glucuronic acids, uric 
acid, creatinin, di- and polysaccharides derived from dextrinous foods, 
and derivatives of salicylates or cinchophen when these are being taken 
by mouth. Reference to Benedict’s'® original paper shows that the boiling 
time originally recommended for the test was but 1 to 2 minutes. Folin 
and McEllroy®® have indicated that 3 minutes in a boiling water bath is 
equivalent to 2 minutes over a flame. The presence of excess reducing 
sugar will become manifest by that time.'®® For extreme accuracy, the 
reading should be made at once when the specimen is taken from the 
source of heat, and not after it has been kept standing hot for some mo- 
ments longer. The 5-minute period instructed by most texts is too long, 
since reducing substances more slowly acting than the hexoses may then 
evoke false positive readings. When the qualitative test is positive, it 
should be followed by a quantitative reduction test to get a record of the 
concentration of sugar present. 

When the urine test is positive, it is wise to attempt the identification 
of the contained sugar. Most laboratories will find it easiest to begin 
the identification, by fermentation with baker’s yeast. In the fermentation 
test, glucose and fructose will be destroyed; lactose and pentose will be 
untouched; galactose may break down a little. Castellan! and Taylor®® 
advised that special pure strains of yeast be utilized, but in practical 
experience ordinary commercial baker’s yeast is dependable and satis- 
factory. After the fermentation, centrifuge or filter the urine to be rid 
of the yeast, then repeat the quantitative reduction test. The difference 
between the 2 quantitative determinations after allowing for dilution by 
the yeast emulsion represents the fermentable sugar. If the second 
determination shows that more than a trace remains unfermented, the 
presence of two different sugars is indicated, and then each must be sepa- 
rately identified. 

Differentiation of fructose from glucose, both fermentable, if no polar- 
imeter is available (and few clinical laboratories possess one), is effected 
by the Lasker and Enklewitz®® technique of placing a mixture of urine and 
Benedict’s qualitative reagent in a water-bath for 10 minutes at 50 to 
60° C. Fructose, being a ketose, reduces quickly at this temperature, 
whereas glucose does not. One may apply also the Seliwanoff resorcinol 
test for ketoses or search for the insoluble methyl fructosazone. If the 
sugar is fermentable and the fructose tests negative, the sugar may be 
presumed to be glucose itself. For positive identification of glucose, if 
desired, prepare the osazone or measure the rotation of polarized light. 

Of the non-fermentable sugars, pentose will give a positive reaction 
with Benedict’s solution at 50° to 60° C. in less than 10 minutes, or when 
the mixture is left standing at room temperature for 3 hours or longer. 
The mucic acid test denotes galactose or lactose (these two can be dif- 
ferentiated by the phlorglucinol reaction). The Bial HCl-orcinol-ferric 
chloride test, the aniline-acetate reaction and that of Tauber'®® will indicate 
pentose. For lactose the Rubner test is insensitive and misleading, 
according to Edson;®®_the phenylosazone technique is best. The osazone 
tests, generally speaking, are very helpful when clear-cut, but unfortu- 
nately many urines contain mixed sugars and give rise to atypical complex 
crystalline forms. For critical description of these and more technical 



• ■- >_r A xvv.' X wAxx* to v.'xx^x^ 

methods, the reader is referred to standard texts on biochemistry, to 
Hawk and Bergeim’s'^®" Physiological Chemistry,” to Reiner’s “ Manual, 
and to Edson’s constructive coniments.®“ 

Differentiation and exact identification of the sugars requires experience. 
It may be necessary to check the procedures themselves by control tests 
with laiown sugars added to urine, while realizing that commercial prepa- 
rations of the individual sugars themselves are not always wholly pure. 
In practical work, the fermentation and temperatirre reduction reactions 
may be as far as one is able to go, leaving the more specific and difficult 
tests to specially interested laboratories. 

Exton®® has stressed that it is’ unsafe to assume that glucose, or indeed 
any other sugar, is the cause of a positive reduction test, especially when 
concentrations run 1 % or less. He de\dsed an ingenious method for identi- 
fying the various reducing substances, applying the universal Electro- 
Scopometer to the measurement of their distinctive reduction rates when 
mixed with a di-sodium-di-nitro-salicylate reagent. His studies emphasize 
the motley variety of non-glucose reducing substances wliich may appear 
in urine, and the importance of the as yet unexplored field of the urine 
sugar mixtures which are often unexpectedly met. 

Reference may be made in passing to the new powder reagents which 
have lately been developed for the rapid detection of sugar in urine.’®'^^ 
Consisting essentially of bismuth salts already mixed with other reagents, 
these powders, commercially available, change color in the presence of 
reducing substances. They require almost no equipment and are stated 
to be accurate and selective. 

Most children when in good health can ingest an abundance of carbo- 
hydrate "without developing alimentary glycosuria. In an unpublished 
study of the 1-hour 2-dose glucose tolerance test (Exton-Rose) in child- 
hood, Du Swun DeM® found, with 90 youngsters ranging in age from early 
infancy to 11 years, that 2 test doses of 1.75 gm. per lalo body weight given 
after an overnight fast did not in any instance spill into the urine to give 
a positive reduction test. 

Alimentary Mclituria. Any of the sugars, if fed in inordinate amounts, 
will overflow into the urine. Thus fruits or fruit juices when taken in 
excess gives rise to pentosuria or fructosuria, occasionally in combination; 
cane sugar produces sucrosuria or glycosuria; candy induces glycosuria, 
maltosuria or dextrinuria; excess lactose or galactose result in lactosuria 
or galactosuria. Alimentary meliturias of this sort, of dietary origin, are 
transient and harmless. They are seen most often during febrile illness 
because fruit juices and other carbohydrate-rich foods are forced at a time 
when the physiologic functioning of the small intestine and liver is not at 
its best, and because urinalyses are commonly done at these times. Hos- 
pitalized patients, while recemng glucose solutions by vein, usuallj'^ have 
glycosuria. Folin and Berglund®* have described the escape into the urine 
of appreciable amounts of dextrin derivatives following the ingestion of 
dextrins and caramelized starchy foods. Foods containing pentosans — 
among them, grapes, cherries, strawberries, blackberries, prunes, wine, 
fruit juices and fruit-flavored soft drinks and beer — can provoke a transient 
excretion of xylulose or arabinose into the urine. 

The transient character of such melituria in children is brought out by 
Alihara.®®® Of 1648 children, the incidence of specimens positive for re- 
ducing substances was as high as 5.8 %. Unfortunately, the only available 
summary of A'lihara’s paper, that of Kato, fails to give the state of health 
of these children, but the high frequency of positive reactions and asso- 



dated acetonuria implies that the specimens were collected in a hospital 
for sick children. On osazone identification, glucose was found to occur 
most frequently (86%), the other sugars being lactose, galactose and 
maltose. The incidence of positive specimens was higher in the younger 
age groups, and during the summer months. Acetonuria was nearly as 
common as melituria. No significant relationships were noted between 
dietary habits or types of disease and melituria. Sugar tolerance tests on 
4 children resulted in practically normal curves. Significantly, in follow-up 
urinalyses, the reactions for melituria persisted in but a few cases. 

^^^len the urine of a sick child with acidosis exhibits both ketone bodies 
and alimentary melituria, the physician may suspect and hint at the 
possibility of diabetes to the parents.^ Needless to say, the mere mention 
of such an idea would excite great anxiety. Inasmuch as the great majority 
of episodes of glycosuria combined with ketonuria in acute illness during 
childhood are non-diabetic and of no permanent significance, the doctor 
should not voice his suspicion of mild or beginning diabetes until it becomes 
confirmed either by events of the next few days or by diagnostic studies 
made after the subsidence of the acute symptoms. 

Renal Glycosuria. This diagnosis is made when there exists a harmless, 
chronic, non-progressive excretion of glucose with no symptoms of diabetes 
and with no hyperglycemia during fasting or after a meal. The quantity 
of sugar excreted may either fluctuate with variations in carbohydrate 
intake dr be largely independent of the diet. The glucose tolerance curve 
is normal, as is the fat metabolism. There are no symptoms, and treat- 
ment is not needed. The injection of insulin with the subsequent reduction 
of blood sugar does not eliminate the glycosuria. The typical picture 
probably never changes to that of diabetes mellitus, but patients must be 
watched for some years before the differentiation-can be established beyond 
doubt. Similar disturbances are often found in relatives of the patient. 
Marble^'”’® suggested that the respiratory quotient before and after a 
carbohydrate meal could be applied to prove the ability of the patient to 
store and utilize carbohydrate in a normal fashion, though the failure of 
mild diabetic patients to show such impairment under certain conditions'^ 
blocks the use of this determination as a criterion for differentiating mild 
diabetes from non-diabetic glycosuria. Subjects have been followed for as 
long as 20 years^®®^ without ever demonstrating any signs of diabetes or 
other disease attributable to the glycosuria. 

John®” objected to the adjective "renal” because "all glycosurias are 
renal in origin, depending upon the renal threshold as well as the glycemic 
level.” The term normoglycemic glycosuria utilized by Powelson and 
Wilder^^^ is more logical, but as with so many other ill-fitted names in 
medical terminology, "renal glycosuria” is sustained by too great a weight 
of tradition to be easily displaced. According to Marble, who reflected 
Joslin’s“® views, the designation of renal glycosuria should not apply 
when the excretion of sugar is inconstant or intermittent, or if the morning 
fasting specimen contains no sugar. Fischer®^ disagreed, stating thafthe 
question as to whether the glycosuria is continuous or intermittent depends 
solely on the threshold level of a particular patient. Fischer described 
2 children who conformed to all the accepted criteria for renal diabetes 
save that in one the threshold for excretion was approximately 135 mg., 
and in the other,, somewhere between 90 and 135 mg. Both were studied 
for a sufficient length of time to establish the non-diabetic nature of -their 
disorder. . , 

The hereditary character of renal glycosuria has been commented 



on by all recent writers; in fact, most affected children are detected in 
family surveys made after an adult member has been found with the 
complaint. For example, Brown and Poleshuck-® discovered 4 cases in 
3 generations of one family. The grandchild, aged 10, like the other mem- 
bers, exhibited no symptoms or signs of diabetes mellitus, though urine 
specimens examined over a year all contained glucose. Following 60 gm. 
of glucose, by mouth, his blood sugar curve remained nearly horizontal, 
rising from a fasting level of 93 mg. per 100 ml. to 111 mg. after 30 minutes, 
and dropping to the base level by 1 hour. The quantity of sugar found in 
the urine was in trace amounts (0.03 to 0.5 mg. per 100 ml.); the more 
adult members of the family excreted larger quantities. On the other 
hand, there are cases such as Skole’s^^® with a negative family tree. This 
patient interestingly was given 20 to 50 units of insulin daily for several 
weeks with no effect on the output of urinary sugar, even on the one occas- 
ion when he approached insulin shock. The concentration of sugar in the 
urine in 7 of 933 children Avith renal glycosuria ranged from less than 
0.3% to 5%.i®® 

Whether the glj^cosuria is present at birth or begins later on, has not 
been fully settled. The youngest knoAvn case was the month-old patient 
of Landabure.®^ There is some sex linkage: males are affected more fre- 
quentl5’’ than females. The escape of sugar seems to persist continuously 
for the rest of life. 

In adults, symptoms consequent to hypoglycemia were described by 
MacPherson.®® These were minor degrees of faintness and weakness 
ascribed to a low fasting blood sugar level, and similar but more severe 
attacks attributed to relative hyperinsulinism following rapid loss of 
sugar in the urine. No reports of children liaAong such episodes have been 
encountered. 

Lead Poisoning. In studies carried out on a child having lead poisoning 
with glycosuria by Goettsch and Mason,’^^ the.height of the blood sugar was 
consistently normal or lower than normal, and the urinarj’^ concentration 
of sugar remained relatively constant irrespective of the diet. The gly- 
cosuria persisted for 5 Aveeks, the concentration of urinary sugar diminish- 
ing as conA’^alescence progressed. The authors suggested that the condition 
in lead poisoning may be classified as renal glj^cosuria secondary to intoxi- 
cation of the kidney, and supported the suggestion by a survey of 8 cases 
of lead poisoning Avith glycosuria in children. In 5 cases the blood sugar 
values Avere normal; in 3 others in Avhich dextrose tolerance curA’^es were 
obtained the curves Avere not of the diabetic type. Glycosuria did not 
seem to alter the prognosis of the lead poisoning in these patients. 

Intermittent Glycosuria. A puzzling phenomenon is the metabolic state 
in which glycosuria recurs intermittently for a time and then ceases alto- 
gether. Bayer and Davis'® described 9 such boys, aged 2 to 10.3 years, 
Avho because of recurrent glycosuria, Avere at first suspected of haAong 
early diabetes mellitus. HoAvever, their dextrose tolerance tests were 
normal at that time and there were no evidences of diabetes on reexami- 
nation 2 to 11 years later. The diagnoses made at the time of recheck 
Avere: normal, 6; unclassified glycosuria, 2; hyperglycemia after ingestion 
of glucose, 1. The rarity of this type of case is eAudenced by the fact that 
collection of these 9 took 15 years, during AA'hich period some 50 children 
passed tlmough the pediatric ward at the Stanford Univ. School of Medicine 
for study for possible diabetes mellitus. Bayer and Davis commented 
that, though the ultimate diagnoses of these glycosuria cases cannot' be 
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foretold, it is unlikely that more than 1 or 2 would ultimately develop 
diabetes. 

Diabetes Mellitm. The relationship between glycosuria and diabetes 
mellitus needs no discussion here. But one should remember that child- 
hood diabetes may commence insidiously, that diabetic glycosuria at its 
beginning can be inconstant and intermittent. Mid-morning or mid- 
afternoon specimens may contain some sugar, perhaps but trace amounts, 
whereas those on rising in the morning may be entirely negative; hence it 
is wise to study thoroughly any child who exhibits glycosuria, even if 
positive specimens alternate with negative ones. A sugar tolerance curve 
after feeding carbohydrate for a few days is mandatory whenever there 
is the least uncertainty over the cause of the glycosuria. Non-elevated 
fasting specimens alone cannot be depended upon to exclude diabetes, since 
children with mild diabetes often may have normal or high normal levels 
when not taking food. 

Transitory diabetes mellitus is a rarity, described but a few times. 
Soderling’s^^^ questionnaire, sent in 1935 to pediatric clinics all over the 
world, asked, among other questions, for information regarding completely 
subsided cases of diabetes in childhood, since the onset of insulin therapy. 
Only 2 spontaneously cured cases were submitted, 1 from Birmingham, 
England, and 1 from Toronto, Canada. S6derling^^“ himself described a 
5 year old child who recovered from a transitory attack of acute diabetic 
coma in association with pneumonia. 

Fykow®® reported a 2 year old boy with pneumonia, whose rapid breath- 
ing persisted after the temperature fell to normal. The urine at first con- 
tained acetone solely; sugar did not appear until 4 days later. The blood 
sugar rose to 312 mg. per 100 ml. A course of insulin treatment cured the 
patient’s symptoms, though 4 months later the sugar tolerance curve was 
still abnormal, with a reading of 148 mg. 3 hours after glucose. Several 
other members of the family were found with abnormal blood sugar 
curves. Fykow suggested that this child with transitory diabetes would 
probably display permanent diabetes later in life, and advised a diet low 
in carbohydrates as a precautionary measure. 

Essential Pentosuria. This has been defined as a “hereditary abnormality 
of metabolism characterized by continuous excretion of small amounts of 
pentose in the urine, unaffected by alterations in the diet” (Edelman and 
Reiner^®). These authors state that more than 170 cases have been re- 
ported, and refer to Blatherwick’s estimate of an incidence of approxi- 
mately 1 : 50,000 in the general population. The pentose excreted seems 
to be consistently xylulose. Under ordinary circumstances the daily 
output of pentose does not fluctuate either after changes in the carbohy- 
drate or protein content of the diet or after periods of violent exercise 
followed by prolonged rest in bed, but does increase after feeding of its 
precursor d-glucuronic acid. On the grounds that identification was 
inadequate according to modern standards, Edelman and Reiner question 
seriously the reports from the first decade of this century that pentosuria 
occurs frequently in persons with severe diabetes. Many of the more 
contemporary workers, Marble,”®® for example, have searched for pentose 
in the urine of large numbers of diabetes patients with scant success. 

The disorder appears to be a harmless metabolic phenomenon which is 
congenital and persists unchanged throughout life. Many patients have 
been Jewish. No special pathogenetic significance can be attached to 
cases which may be identified during infancy or childhood, as compared 
vdth others not discovered till later in life. 
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Fischer and Reiner®^ conducted metabolic studies on 4 children aged 
2 to 10 years having pentosuria. The non-fermentable reducing substances 
of their blood were not increased, and dextrose tolerance and blood pentose 
curves following ingestion of test amounts of these sugars were normal. 
There were no essential differences between the absorption and the excre- 
tion of pentoses in normal controls and in pentosuric children. Sunder- 
man^^'^® found, on tracing the family of an 8 year old girl with the condition, 
that 2 of her 3 brothers and probably the mother were also affected. "V^Tien 
Enklewitz and Lasker®^ fed 5 gm. of xylulose isolated from his ovm 
urine to a man with pentosuria, the rise which resulted was only 0.5 gm. 
more than the usual daily excretion. Thus the origin of the xylulose 
which appears in the urine of pentosuria remains unknown. 

“Patients with essential pentosuria require no treatment except for the 
reassurance that thej'’ do not have diabetes mellitus.”®*® This is well 
illustrated in the cases reported by Enklewitz and Lasker. A pair of 
twins, brother and sister, were studied for diabetes when 11 years old 
because of the daily excretion of 1.5 to 3 gm. of sugar in the urine. Seven- 
teen years later they were still asymptomatic; the urine sugar, still per- 
sisting, was identified as xylulose. 

Fnictosuria. Fructosuria, known also as levulosuria, has been recently 
reviewed by Sachs, Sternfeld and Eraus,^®'‘ who listed some 55 cases de- 
scribed since 1876 and added 2 others, children, personally observed. They 
commented that in 16 of the cases the data obtained was inadequate to 
fully establish the diagnosis. As regards age, 15 of the entire group were 
below 17 years of age when first studied, and 5 were younger than 7 years. 
The condition is clearly constitutional, and can be presumed to continue 
uninterruptedly from infancy tlwoughout adult life. 

In essential fructosuria, according to Silver and Reiner,^®® the sugar 
is always present in the urine except when the patient is given a fructose- 
free diet. The identity of the sugar can be established by its levorotary 
properties, the positive Seliwanoff test when the urine is acid, complete 
destruction by yeast fermentation, demonstration of a methylphenyl 
fructosazone, and normal dextrose tolerance curve. The sugar content 
should be the same when measured by optical rotation and by yeast 
fermentation. 

Sachs, Sternfeld and Kraus®®^ suggested that in these cases the mechanism 
for the fructosuria lies in the failure of ingested fructose to be broken down 
to lactic acid. In essential fructosuria, the respiratory quotient changes 
but slightly from the fasting value after the ingestion of fructose, and the 
level of lactic acid in the Wood does not increase. In normal subjects, 
on the other hand, as shown by Deuel,'*® Bachmann and Haldi,*^* and 
Rynbergen, et the ingestion of fructose results in an increase in the 
respiratory quotient to unity or above, the rise occurring more promptly 
and the quotient rising higher than when dextrose is given. This phe- ' 
nomenon seems to be related to the normal tendency for fructose to induce 
a greater accumulation of lactic acid in the blood than does dextrose. 
Hence Sachs et al. propose that, when a normal person takes fruit or cane 
sugar or honey, some 80 % of the ingested fructose becomes converted to 
gbrnogen while the remainder breaks dovm to lactic acid; whereas when an 
individual with essential fructosuria ingests these foods, some 10 to 20% 
of the ingested fructose fails to become metabolized, and instead is ex- 
creted intact in the urine. “The abnormality may lie in the failure or 
lack of some specific enzymatic action, the site of which has not yet been 
determined but which may be in the intestine, the blood or the liver.’ 
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Debre et alP described a 6 raonths old infant with furunculosis, who for 
10 days exhibited a pronounced fructosuria while being fed sweetened 
condensed milk rich in sucrose. The fructosuria disappeared when the 
diet was changed to one low in sourse. Four months later the fructosuria 
could not be reestablished by liberal feeding of fructose and sucrose. 
Evidently during the period of infection this infant’s liver was not func- 
tioning adequately, it failed to convert into glycogen all the fructose 
brought to it from the site of sucrose splitting in the intestine. 

Galactosuria. A few cases with malnutrition and galactosuria have 
been reported, the one of Mason and Turner'^ being the most intensively 
studied. This infant, followed from 6 months to 3 years of age, did not 
gain normally so long as the diet contained milk. He showed marked 
enlargement of the liver, slight enlargement of the spleen and superficial 
lymph nodes, positive reaction to the van den Bergh test, secondary anemia, 
osteoporosis of the bones and protein and galactose in the urine. Removal 
of milk from the diet resulted in the disappearance of sugar and protein 
from the urine, decrease in the size of the liver and spleen, disappearance 
of the other findings and a rapid gain in weight. The curves for blood 
sugar after the ingestion of dextrose and levulose were within normal 
limits, but those for lactose and galactose were abnormal as a consequence 
of pathologic increases in the level of blood galactose. Mason and Turner 
suggested that the primary trouble was a lesion or functional disturbance 
in an otherwise normal liver, impairing the ability of this organ to convert 
galactose into glycogen, and that the derangement in the other tissues was 
the result of relative starvation due to the continuously low level of blood 
dextrose. 

In addition to the above case, in recent years Fanconi®®^'® described a 
9 year old boy with familial neurofibromatosis, zonular cataract and galac- 
tosuria, and Lescovar®® a 4 week old galactosuric infant who expired at 
4 weeks of sepsis and cholangitic cirrhosis of the liver. It is likely, how- 
ever, that the incidence of the disorder is higher than indicated by the 
paucity of published reports. Every child suspected of having von Gierke’s 
“glycogen disease” with recurrent melituria (vide infra) should be studied 
carefully for galactosuria. 

Mason and Turner’s patient, when given 25 gm. of galactose in a 7-hour 
tolerance test, excreted only 6.64 gm. during the period, evidently storing 
or catabolizing the difference. Fanconi’s patient, on the other hand, 
excreted 1 gm. in the urine after being given 2 gm.; after 6 gm. he excreted 
5.2 gm. ; the larger dose caused a rise of blood sugar to 466 mg. per 100 ml. 
and symptoms of apathy and weakness. Thus the metabolism of galactose 
in such cases may be imperfect, but is not wholly inadequate. 

No cases of urinary elimination of the disaccharide lactose, such as 
occurs at times in women during pregnancy or later during lactation, were 
found reported in the 10-year period covered by this Review. 

Sucrosuria. A 7 months old infant with saccharosuria (sucrosuria) was 
reported by Reiner and Weiner.^^s saccharosuria occurred both when 
saccharose itself was given in excess and when it was fed in lesser amounts 
along vfith other sugars, which appear to compete for prior digestion and 
absorption. Thus the saccharosuria appeared to be alimentary in origin. 
Reiner and Weiner theorized that, in the presence of infection, either 
enteric or parenteral, increased intestinal permeability may result in 
absorption of disaccharides. In their child, the disturbance was demon- 
strated at the ages of 7 and 18 months when certain combinations of 
carbohydrates were given. Elmer, Erasowska and Ptaszek®^ describe 
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an adult case, and state that there are only 2 other cases in the literature 
(both adults) besides theirs and that of Reiner and Weiner. They discuss 
the physiologic sucrosuria which follows the taking of large amounts of 
cane sugar, commenting that after 150 to 250 gm. of cane sugar are taken 
by mouth the urinary excretion will not exceed 1 % of this amount, the 
remainder being hydrolyzed in the intestine. Blasserman^®* has shown 
that 90 to 100 % of intravenous sucrose will be excreted. 

It should be remembered that disaccharides will not react with Bene- 
dict's solution unless the urine is first acidified and boiled to hydrolyze the 
sugar into its component hexoses. 

Glycogen Storage Disease (von Gierke ) . The clinical and pathologic data 
on all cases reported as glycogen storage diseases were collected and 
analyzed critically by Mason and Andersen.^’’^ They succeeded in classi- 
fying the cases into 5 separate types, each with a different fundamental 
defect. Of the 34 cases of the hepatomegalic type in their collection, it 
has been pointed out®^ that urinar 3 ' sugar was present in only 2 of the 
23 cases in which tests for sugar in the urine were reported. Manter and 
Bowman^® described another instance, a 14 month old boy, in whom gly- 
cosuria was intermittently present. In this patient the glycogen of the 
liver apparently was not abnormal, but the glycogen metabolism was 
deranged as shoum by ketonuria, deficient storage of ingested de.xtrose, 
inability to mobilize dextrose from large amounts of glycogen in the liver 
when epinephrine was injected, and failure of hepatic glycogenolysis after 
death. Manter and Bowman explained the glycosuria in terms of a low 
renal threshold, while suggesting that it may have been related in some 
way to the glycogen found in small amounts in the epithelium of the renal 
collecting tubules after death. 

The Fanconi Syndrome. A number of cases of refractory rickets have 
been reported in which non-diabetic glycosuria was a prominent associated 
feature. This syndrome, first separated from the larger group of so- 
called renal rickets by de Toni^ in 1933 and Fanconi^® in 1936, is charac- 
terized in general bj>- severe intractable hypophosphatemic rickets, renal 
glycosuria, polyuria, and acidosis with extreme reduction of the serum 
bicarbonate. It appears to be congenital in origin. In the case of McCune, 
Mason and Clarke^®® the protein nitrogen and urea of the blood wtye 
normal, but the urine contained large amounts of protein, ammonia, 
lactic acid, betah3rdroxybutyric acid and amino acids. A balance study 
revealed excessive excretion of phosphorus and calcium by the kidneys. 
The metabolism of sodium, chlorine and magnesium appeared unaffected. 
Treatment with 5000 U.S.P. units of vitamin D daily for several weeks 
caused no evident improvement. 

On reviewing the reports on record, McCune et found 28 seemingly 
related cases in infants and children and 2 others in adults in whom rickets 
was replaced by osteoporosis. Thej'^ concluded that the Fanconi syndrome, 
ivith its combination of rickets, hypophosphatemia and renal glycosuria 
is not a sharply definable clinical entity, but without perceptiWe de- 
marcation merges ivith classic hyperphosphatemic renal rickets on the one 
hand, and with the poorly understood process known as cystine rickets on 
the other. They hjTpothesized that the fundamental defect is a diminished 
ability of the renal tubular epithelium to resorb dextrose, amino acids 
and phosphate from the glomerular filtrate. To neutralize the undue 
amounts of organic acids, large quantities of ammonia and mineral catiOTS 
are excreted, with consequent depletion of the total base of the body fluids. 
Recurrent hypoglycemia was thought to be responsible for the excretion 
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of betahydroxybutyric acid, and the presence of lactic acid was ascribed 
hypothetically to a dyscrasia of either the renal tubules or the liver. 

According to McCune et al., the concentration of reducing substances in 
the urine can vary between a trace and 4 or 5 %. The excretion of sugar is 
characteristically continuous, at least in patients with the more severe 
forms of the syndrome; though it may be intermittent and disappear for 
considerable periods of time. On investigation, the reducing substance is 
usually found to be dextrose. However, Lignac’s®^ patient first excreted 
a pentose and later a substanv.e, the osazone of which melted at the tem- 
perature of lactosazone; Gittleman and Pincus''® reported dextrose and 
fructose in nearly equal concentrations; van Creveld^®®“ ascribed part of 
the reducing capacity of his patient’s urine to glycuronic acid with dextrose 
also present in concentrations of 1 to 2%. The fasting blood sugar level 
ranged from 48 mg. to 160 mg. per 100 ml. The glycosuria varied in 
intensity with changing levels of blood sugar but was characteristically 
present at all times, even when the blood sugar was low. During the oral 
administration of dextrose for test purposes, Debre’s®® patient became 
restless and pallid and then lapsed into fatal coma, and 2 of Fanconi’s®® 
patients were rendered extremely uncomfortable but survived. 

In most cases the volume of the urine was moderately increased. Despite 
the large volume of urine, McCune et al}°^ noted that the specific gravity 
was frequently high, due to the presence of sugar, protein and other 
solutes. Proteinuria of moderate degree was a consistent phenomenon; 
casts, leukocytes and epithelial cells were often present. Microscopic 
hematuria was reported occasionally. Despite the demands made by 
acidosis, the pH of the urine was frequently 6.5 or higher, though McCune’s 
case occasionally assumed values as low as 4.8. High urinary concentration 
of ammonia, and especially large quantities of phosphates and organic 
acids were always encountered when searched for. 

4. Sulfonamides. The pathologic changes in the urinary tract resulting 
from administration of sulfonamide drugs was thoroughly summarized in 
a review published in this Journal several years ago by Peterson and 
Finland not much new has been learned since then. Direct renal 
damage with sulfanilamide and sulfadiazine is quite uncommon, whereas 
sulfapyridine and sulfathiazole exert the largest share of their toxic effects 
upon the kidney. The lesions in the urinary tract are produced mainly 
by crystalline sulfonamides which precipitate out, mixed with blood and 
amorphous matter, anywhere along the tract from renal tubules to bladder. 
Hemorrhages follow, the urine flow becomes obstructed, the passages 
dilate above the obstruction, and the kidnesy grow large and edematous. 
Or there may be direct necrotoxic changes, with glomerular reactions and 
epithelial degeneration of the tubules. In some instances, both kinds of 
injury have been recognized in the same kidney. 

Crystalluria and Hematuria. The specific solubility of the various 
sulfonamide compounds and their acetylated derivatives determines in 
large measure the frequency and the quantity of the crystals which appear 
in the urine. Sidfadiazine and acetyl sulfadiazine, which are the most 
soluble, are the least likely to give rise to urinary tract disturbances. 
Acetyl sulfathiazole is much less soluble in urine than is the/ree form 
and both substances are slightly more soluble in alkaline than in acid 
urine. This difference did not seem of sufficient magnitude to Peterson 
and Finland to warrant alkalmization of the urine as a precaution against 
mnal complications during sulfathiazole therapy, whereas Sunderman and 
PeppeP^ did make that recommendation. With snl/a?w7amide®®.®9.ioi the 
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acetylated form is one-tliird as soluble as is the free drug under similar 
conditions. Sulfadiazine, svlfamerazine^^ and sulfamethazine^^ and 
their N4 acetyl derivatives increase markedly in solubility with a rise in 
pH from 5 to 8; sulfaj^ridine and acetyl sulfapyridine do not.“® All ob- 
servers agree that when pH conditions favor solubility, or when there 
is a good diuresis, the crystalluria and hematuria are usually inhibited, 
whereas with unfavorable urinary pH and scanty urine the likelihood of 
such difficulties becomes enhanced. 

Urinary crystals and renal stones in patients taking sulfadiazine are 
about 93 % acetyl sulfadiazine, and the solubility of the acetyl portion of 
these urinary crystals is similar to that of pure acetyl sulfadiazine. Clinical 
studies suggested by these solubility findings^^® revealed the incidence of 
crystalluria to be 27 % in 172 acid urines and but 1.4% in 147 neutral or 
alkaline urines. It follows from these observations that patients receiving 
sulfadiazine be given alkali along with it, in order that the urine be kept 
neutral or alkaline and the precipitation of sulfadiazine compounds in the 
urinary tract be prevented. This procedure seems especially necessary 
when large doses of this drug are being given over a protracted period of 
time. The dosage of alkali can be regulated by watching the pH of the 
urine; enough should be administered to keep the pH at 7.5 or higher. 
Nitrazine paper is helpful for this purpose; with children sick at home the 
parents can be instructed as to its use. '\^^len small doses of sulfadiazine 
are given for but a few days the precaution is less essential. 

The crystals observed in specimens often form and settle out as the 
urine stands in the bottle at room temperature. From the standpoint of 
urinalysis, therefore, the discovery of crystals does not necessarily hint 
at internal crystallization unless the urine is warm and freshly voided, or un- 
less red cells are also present. If they appear under these circumstances, one 
should be alert for crystal deposit and calculi formation within the urinary 
tract. Precautionary fluids should be forced and alkalis given to assure 
the pH of optimal solubility in the urine. The drug should be discontinued 
and urologic procedures resorted to if indicated.’® 

Hematuria is the danger signal. Children receiving any of these drugs 
in large quantities or for more than a few days should have a micro- 
scopic urinalysis every 2nd day, in order to detect renal irritation m its 
beginning stages. In adults, according to Smith,’'*® the frequency of 
sulfonamide hematuria is as follows: sulfapyridine, 2 to 3 %; sulfathiazole, 
2 to 3%; sulfadiazine, 0.5 to 1%. Oliguria, too, has occurred in a small 
percentage of cases receiving sulfapyridine, sulfathiazole or sulfadiazine. 
Of 53 children with assorted infections treated with sulfathiazole by 
Dowrie and Abramson,^® only 1 showed hematuria in daily urinalysis; 
2 of 54 children receiving sulfadiazine exhibited hematuria. The experi- 
ence of Winters and Janney’®’ is in contrast with the above low figures. 
Of 90 children hospitalized and given sulfadiazine for infectious diseases 
of vdde diversity, 12 had erythrocytes and 18 had both sulfadiazine crystals 
and erythrocytes in the urine. These toxic effects cleared when the dosage 
was lowered. 

The drug sulfamerazine is too new for the publication of reports on its 
toHcity in the early years of life, but ±0 judge from personal experience the 
incidence of urinary findings would seem to be at least as common as with 
sulfadiazine. On comparing 428 adult patients treated with sulfamerazine 
against 900 controls treated with sulfadiazine, Dowling et al.^ found the 
incidence of renal calculi higher in the sulfamerazine group when identical 
doses of each drug were given. 
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The concentrations of the various sulfonamides in freshly passed urine 
are higher than can be secured by dissolving the same substances in water 
or urine in vitro. It has been suggested that these drugs may be excreted as 
highly soluble glucuronates or related substances. Lehr and AntopoP® 
proposed that protective colloids in the urine serve to inhibit the sulfon- 
amide precipitation. They found that the comparatively insoluble 
acetyl derivatives which form in the body from sulfapyridine, sulfathiazole 
and sulfadiazine, if analyzed as urinary crystals, showed a markedly de- 
pressed melting point-, on recrystallization the solubilities approached or 
reached those of the pure synthetic compounds. 

The Wood Fiber or “Lignin” Test. A new “easy, rapid and reliable” 
test for the presence of sulfonamides in urine has come into wide use within 
the past 2 years. Originally proposed by Hallay,'^® favorable reports soon 
followed by Bogen,^^ Kawaichi®^ and Hubata,^® and the Reviewer can 
sponsor its reliability from extensive personal experience. The essence 
of the test is the production of a yellow or orange color when any of the 
sulfonamides, which all contain the aniline group, react with wood fiber 
in the presence of acids. To perform the test, one acidifies with a few 
drops of 4% HCl a fragment of newsprint paper, paper toweling (not rag 
paper), sawdust, or tongue depressor, adds a few drops of urine, and 
watches for the appearance of the distinctive color. Kawaichi states that 
the color is yellow when the concentration of the drug in urine is 100 mg. 
or less; orange when above 100 mg. ; and that there is danger of sulfonamide 
concretions when the concentration is above lOO mg. 

In our experience the color change reaches its visible maximum at about 
70 to 80 mg. free (unacetylated) sulfonamide. It is easy to establish that 
this color reaction is produced only by the free form of the sulfonamides, 
with the acetyl derivatives playing no part. 

The physician prescribing sulfonamides will feel diminished anxiety 
regarding danger of calculus formation if the urines of his patients are 
kept sufficiently dilute to yield a yellow rather than orange color "with the 
wood fiber test, and are also at the pH of optimal solubility (above pH 7 
with sulfadiazine) when checked with nitrazine or litmus paper. 

5. Pigments. The color of urine normally varies from pale to dark 
amber, the shade depending chiefly upon the content of urochrome. 
Drabkin'*® found the output of this pigment to be a constant quantity from 
day to day in state of health, but augmented by fasting, fever, hyper- 
thyroidism, and all factors which stimulate endogenous metabolism. 
Normal urine may also contain trace amounts of hematoporphyrin, uro- 
erythrin and mobilin. 

Under abnormal circumstances, other pigments may escape from the 
body fluids into^ the urine. Some of these, such as anthocyanin, result from 
diet or medication; some, such as urobilin, hemoglobin and its derivatives, 
and melanin, indicate systemic disease; and others, such as the porphyrins 
and homogentisic acid, are manifestations of congenital errors of metab- 
olism. Selected for consideration here are comments from recent note- 
worthy papers. 

Anthocyanin. The red pi^entation of the urine which sometimes 
follows the eating of red beets is due to anthocyanin, the principal pigment 
of the beet, and may vary from light to dark red. Matheson^®® and Poole^^o 
have each -described , cases, and most pediatricians are familiar udth its 
occurrence. The pigment can be quickly differentiated from hemoglobin 
by adding alkali, such as potassium hydroxide or sodium hydroxide 
solution, to the urine. The color becomes deep yellow when alkalinized. 
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and will revert to the original red when acidified once more. No one 
knows why anthocyaninuria is infrequent when beets are so common in 
the diet of children. ^ 

Urobilin. According to Josephs,®* •*- the normal child e.xcretes the bulk 
of his urobilin in the stools, the urine urobilin constituting but 5 % of the 
total daily excretion. In infancy and early childhood the total 244iour 
urinary excretion of urobilin can be expected to be but 1 or 2 mg. ; in pre- 
adolescence and puberty, 4 to 5 mg. These small amounts escape detection 
by the usual tests. When there is anemia of hemolj'tic origin, however, 
the total excretion of urobilin increases strikingly, often reaching 20 to 30 
times the normal. The urine then becomes positive for urobilin, though 
the ratio between stool and urine urobilin remains about the same as in 
normals. Only in cases of extensive liver damage did Josephs find the 
proportion of urinary to fecal urobilin to be elevated, attaining ratios of 
10 to 20% or higher. 

The term “urobilin” covers a number of substances of unknovm com- 
position giving fluorescence in alcoholic zinc acetate. On first appearing 
in the urine these substances exist in the chromogenic or urobilinogen state, 
but become oxidized on exposure to air, and after a few hours change to 
urobilin itself. From the standpoint of the laboratory technician, the 
■ standard test for urobilinogen — that of Ehrlich — is easier to perform than 
that for urobilin. Specimens to be tested for urobilinogen should reach 
the laboratory fresh, within the first few hours of passage, before this 
change occurs. Because relatively small amounts reach the urine, quanti- 
tative tests for urobilinogen meet no special clinical need ; when informa- 
tion regarding total urobilin excretion is desired, the stool analysis yields 
adequate information. In searching for the presence of urobilin in a 
patient with possible undue hemolysis, it is wise to repeat the test daily 
for several days, since excretion of excess urobilin may be erratic and 
irregular. 

Homogentisic Add. Alcaptonuria is an outward manifestation of a very 
rare congenital anomaly of protein metabolism in which homogentisic 
acid is excreted in the urine. This substance, colorless itself, darkens on 
standing, due to oxidation. It reduces Benedict’s solution, but fermenta- 
tion tests for sugar are negative. In enuretics the bed linens often turn 
dark as the urine undergoes ammoniacal decomposition. Abbott* de- 
scribed the condition as it occurred in 2 Negro siblings, the first instances 
to be reported in the American Negro. Addition of 10 % sodium hydroxide 
solution to the clear urine resulted in a brownish black ring at the surface 
which gradually penetrated do^vnward, ferric chloride solution caused a 
transitory blue color with each drop, and reduction of silver lactate and of 
ammoniacal silver nitrate proceeded rapidly at room temperature. The 
concentration of homogentisic acid was found to be 4.4 to 5 gm. per liter, 
and the homogentisic acid to nitrogen (H:N) ratio ranged from 45.1: 100 
to 53.5:100. It was possible to precipitate out the lead salt of homo- 
gentisic acid from the urine of both children. 

Of the numerous other cases recently reported, that of Lelkes®** is ex- 
ceptional in that the mother of his 3 months old affected infant had also 
had alcaptonuria as a child, and this had ceased spontaneously when she 
became 12 years of age. 

PorpJiyrm. Porphyria, a more descriptive term than porphyrinuria, is a 
constitutional state marked by the excretion of porphyrins either in greater 
than physiologic amounts or in kinds not normally^ demonstrable. In the 
congenital variety, according to Dobriner and Rhoads, the classical 
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manifestations consist of excretion of large amounts of porphjTin, discolor- 
ation of the teeth and bones by impregnated uroporphyria, and sensitivity 
of the skin to light in the spring and summer. Blistering of the exposed 
areas of the face and extremities is observed, and the lesions heal with 
scar formation, followed in many cases by deformity of the affected part. 
Turner and Obermayer^^^ were able to find but 86 cases on record up to 
1936. Only one-half of these had had symptoms beginning prior to 
puberty. 

The urine may vary from pale pink to red to almost black, though usually 
Burgundy red. Often the urine when passed is a normal yellow, but dark- 
ens later when exposed to light, sunlight being most effective. For details 
concerning this unusual condition the reader is referred to Turner and 
Obermayer,!^® Dobriner and Rhoads,^ and Watson.^®® The pathogenesis 
of this disturbance is not known. The pigments in the urine are chiefly 
coproporphyrin Type 1 and uroporphyrin Type 1, as well as some brown 
urofuscin. If present in quantity, they can usually be identified by study 
of the absorption spectra. Guild^'‘ was able to prevent active symptoms 
in one patient by liver extracts in large doses. 

6. Findings in Newborn and Premature Infants. The past decade has 
made but few contributions to general information concerning the char- 
acter of the urine in the neonatal period. The most extensive report on 
newborns is by Tausch,^®^ who reviewed much of the earlier literature and 
described his own observations in detail. Tausch catheterized some 4000 
newborn infants promptly after delivery and was able to secure urine 
specimens in 2837, the remainder having presumably voided while passing 
through the birth canal. In quantity the urine varied up to 44 ml., 
averaging 5.7 ml. There was no sex difference and no relationship between 
duration of labor and quantity. The color varied from colorless to deep 
yellow, 27% being free from color. The specific gravity had a mean of 
1.0097 and a range of 1.004 to 1.019. Specific gravity showed a definite 
relation to body weight, the means for increasing weight groups progressing 
from 1.0072 in those under 2500 gm. up to 1.0112 for those between 3500 
and 4000 gm. In reaction, 1794 were acid, 164 alkaline, and 879 neutral. 
A review of the literature was given to show that proteinuria is common 
in the first day of life. The author’s figures showed 403, or 14.21 % of the 
2837, positive for protein, 215 (7.59%) markedly so. Tausch failed to 
find any significant correlation between proteinuria and kidney disease in 
the mother, or to duration of passage through the birth canal. Infants 
delivered by Cesarian section showed approximately the same incidence of 
proteinuria as those born in the usual fashion. In only one instance was 
the urine grossly bloody; 32 had microscopic red cells, 59 had leukocytes 
and 8 had casts. Bile was not present in any case. Although the literature 
reviewed showed that reducing substances occur occasionally, the author 
failed to find any specimens containing sugar in his series, even in the 
operative and difficult labor cases. 

The above observations on the composition of what may be termed 
urine accumulated in utero can be compared with those of Faerber®'^ on 
postnatal urine. On comparing clinical appearances with weight curve.s, 
fluid intake, body temperature and protein content of the blood in 30 
newborns from 1 to 10 days old, Faerber found that albuminuria and 
excretion of casts and leukocytes ran parallel with dehydration. These 
positive findings disappeared after the fluid intake had become about 
10 % of the body weight. 

Allyn and Allyn® have reported on the urinary findings in the newborn 
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given ammoniated mercury rubs for the prevention of impetigo. In a 
total group of 220 infants, tested on the 5th and usually again on the 
7th day of life, a positive sugar reaction was found 4 times. In addition, 
18 specimens showed “trace” amounts of reducing substances. Of these, 
132 babies received inunctions of 3f ammoniated mercury, and 88 served 
as controls. Of the group receiving the rubs, 18 % had protein, 63 % had 
leukocytes, and 5 % a few red cells. Of the controls, only 4 % had protein, 
28 % had leukocytes and 1 % had a few red cells. These differences were 
interpreted as indicative of mild renal irritation from the ointment. The 
data are informative also in that the findings in the controls are repre- 
sentative for normal American newborns. 

That the early fetal kidney can and does function now is well established, 
though the evidence rests chiefly upon animal experimentation. The 
literatru’e on this topic has been well reviewed by Needham.^’^ Cameron 
and Chambers®^ have been able to furnish the first direct evidence that 
human embryonic proximal tubules of themselves are able to function. 
They studied a living human fetus immediately after delivery by Cesarian 
section, of age estimated at 3| months. They found that the cut ends of 
segments of the tubules of the embryo kidney healed over in tissue culture, 
and that certain dyes, if present in the surrounding medium, passed into 
and accumulated in the lumina of the proximal tubules to a conspicuously 
higher concentration than that of the dyes in the medium. The experi- 
ments with phenol red showed that the proximal tubular fluid of the human 
metanephros has a pH of approximately 7. 

7. Miscellaneous. Acetone. Ketosis with acetonuria is more common 
in children than in adults, and carbohydrate impoverishment plays a, 
r&le in its production.’^^-^®® The modern conception of the physiologic 
mechanisms underlying the development of ketosis have been succinctly 
stated by Mirsky and Nelson^^^ in their recent study on ketosis in children: 
“ It has been demonstrated that the liver is the main site of the formation 
of ketone bodies; that any phenomenon which induces a depletion of the 
glycogen reserve in the liver will produce ketonemia; that the administra- 
tion of adequate amounts of exogenous sugars can inhibit the formation 
of ketone bodies in diabetic and in non-diabetic organisms, even in the 
absence of insulin in the former; that the muscles of diabetic and of 
normal animals utilize ketone bodies with equal avidity; that there is a 
maximal rate at which ketone bodies are utilized by the muscles, and that 
excessive ketonemia will occur only when the rate of production exceeds 
that of utilization; that carbohydrate metabolism does not affect the rate 
at which ketone bodies are burned in the muscles, and that so long as the 
organism can maintain an adequate store or reserve of glycogen in the 
liver the rate of fat metabolism, and therefore the rate of formation^ of 
ketone bodies, cannot become sufficiently increased to cause an excessive 
ketonemia. Accordingly, it may now be stated that fats do not ‘burn in 
the flames of carbohydrate’ but ‘the flames of carbohydrate inhibit those 
of fat’.” 

Thus, any phenomenon such as high bodj' temperature which increases 
the metabolic need of the muscles for carbohydrate or which decreases the 
availability of carbohydrate for storage in the liver (c. g., vomiting) vdll 
favor the development of ketonemia-. It is wise, therefore, to give frequent 
meals and feed sugar-containing substances, at night as well as during the 
day, if necessary, whenever a child becomes ill with any infection or 
metabolic disturbance. This undue administration of carbohydrate will 
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counteract the heightened susceptibility to ketosis of the sick child and 
help to prevent the development of acidosis. 

Experimentally, Mirsky and Nelson found that phlorhizin glycosuria 
with a loss of 15 to 20 gm. of sugar from the normal child, or of a lessCT 
amount from the diabetic child, resulted in hypoglycemia and ketonemia 
secondary to glycogen impoverishment of the liver. The younger the 
child, the smaller the reserve of glycogen in the liver, relatively speaKng; 
this explains the greater susceptibility of younger children to ketonemia. 

Amylase. That the amylase content of urine and blood becomes ele- 
vated during mumps is well established'*'^ High values may be 
found also in pancreatic diseases such as acute pancreatitis and obstruction 
of the common duct by stone, but such disorders enter pediatric differential 
diagnosis but rarely. The source of the excess of enzyme is presumably the 
affected glands — pancreas, parotids, etc. Urinary amylase may be present 
after the 2nd day of mumps, according to Dunlop,^'* who studied 60 cases. 
Since the titer in his patients was comparable with that of acute pancre- 
atitis, he wondered whether pancreatitis occurred more frequently in 
mumps than is commonly supposed. He made it a rule to keep patients 
with mumps in isolation until the urinary amjdase had returned to normal, 
which was often some days after parotid swelling had subsided. The 
determination of diastase in blood or urine can be helpful in distinguishing 
other localized infections of the neck, such as cervical adenopathy, from 
mumps. 

Calcium. Excessive urinary calcium excretion can be detected by the 
simple test introduced by Barney and Sulkowitch*® in 1937. When acidi- 
fied urine is shaken with an equal amount of buffered oxalate solution of 
stated strength, an immediate dense cloud of calcium oxalate indicates a 
high concentration of calcium, whereas the absence of any precipitate 
almost always rules out excessive parathyroid activity. At the time of the 
test the diet must be free from milk, cheese and acidifying agents, since 
these can cause temporary increases in calcium excretion. 

Albright® recommended the test for control of the dihydrotachysterol 
treatment of hyperparathyroidism. With patients on a high calcium diet 
the dose of dihydrotachysterol should be so regulated that the urine 
will not display a heavy cloud; in this way the serum calcium can be kept 
at a safe, slightly subnormal level. 

The possible value of this test in detecting abnormal calcium metabolism 
in children Avas explored by Linder and Latsky®® in a series of 114 children 
aged 9 to 15 years. They found no correlation beUveen the mean serum 
calcium levels and the urinary reactions. A tendency was noted for the 
malnourished children with a serum calcium below 8.5 mg. per 100 ml. to 
give a negative test in specimens collected after breakfast. There were so 
many exceptions that they were forced to conclude that the Sulkowitch 
test for urinary calcium has only a very limited use in a nutrition survey. 
Linder and Latsky noted, as Barney and SulkoAvitch, and Albright had 
done, that- if several cups of water were given to children arriving with a 
“thick” test, the urine passed subsequently would be “clear.” RcA'-ersely, 
the giving of milk caused “clear” urine to become “thick.” 

Obviously any test rvhose responses are so dependent upon the drinking 
of milk, which is a staple during the early years of life, and upon fluid 
intake, has scanty application to the field of pediatrics. Nevertheless 
it has proved helpful as a guide to therapy in hj’perparathjuoidisra, both 
the primary variety and that associated with renal insufficiency. 
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Chlorides. Expressed as sodium chloride, the daily output of urine 
chlorides in the healthy child is about 3 to 10 gm., being roughly propor- 
tional to age. The excretion reflects the intake in the diet. Excessive 
perspiration, diarrhea, pneumonia, nephritis and some other disease 
states mil cause a urinary decrease. With the usual attack of pneumonia 
the urinary chloride drops to exaggerated low levels just prior to the crisis, 
reaches the lowest level at the time of the crisis, and then 1 to 3 days later 
rises abruptly to supernormal levels for 24 to 48 hours followed by prompt 
return to normal. Antopol and Churg® followed 17 patients with 
pneumococcus pneumonia treated with sulfapyridine. The urinary chlor- 
ides began to rise on the 6th to 14th day of illness, the 3rd to 7th day after 
initiation of sulfapyridine therapy. Thus the chloride rise took place from 
2 to 6 days, in a majority 4 to 5 days, following the crisis. Of the 17 cases, 
9 were children from 9 months to six years. In 5 patients with sulfathia- 
zole-treated pneumonia, Oshlag and EiF’ noted similarly that clinical 
defervescence occurred several days ahead of the sudden reappearance of 
chloride in the urine. 

Sherman and Corbin^®’' using a simple qualitative test, described their 
experiences with the urines from approximately 300 children in 2 Chicago 
hospitals. Of these, 123 had greatly reduced or nearly absent urinary 
chlorides. In this latter group 82 (67 %), had pneumonia and 19 (15 %), 
had upper respiratory infections, leaving a miscellaneous collection of 22 
(18%), with varied conditions; namelj'’, 5 with prematurity, 4 prodromal 
measles, 2 peritonitis, 2 pneumonic and 1 influenzal meningitis, 2 nephritis, 
2 eczema and 1 each of gastro-enteritis, sickle cell anemia, and acute 
appendicitis. They accounted for the decreased chlorides in the miscel- 
laneous group on the basis of insufficient intake by the prematures and 
dehydration, edema, diarrhea or vomiting in most of the others. 

Cystine. The metabolic fault in cystinuria appears to be an inability 
to oxidize the normal proportion of endogenous sulfur to sulfate, and to 
excrete it as such. Instead, unusually large quantities of cystine enter the 
urine, and tend, on standing, to settle out as characteristic flat hexagonal 
crj'stals. The level of cystine excretion in the cystinuric is fairly constant, 
but it can be raised by a high protein diet, independent of the sulfuj" 
content of the particular proteins eaten.'®® Brand, Harris and Biloon“ 
have described a qualitativecyanide-nitroprusside testwhich makes possible 
quick screening of urine for cystine. If this reaction is positive, the more 
difficult Sullivan'^ naphthoquinone should be done to confirm the finding^ 

The familial incidence of cystinuria is now well established. 
encountered 4 frank cases and 14 likely ones in 11,000 urines of healthy 
young male and female college students. In adults, the conditmn is 
tj^iically benign and usually not suspected, but occasionally such subj^ts 
develop symptoms from cysteine calculi. The urologists recognize tha 
the danger of calculus formation is always present, and have found that an 
alkaline ash diet low’ in protein is helpful in preventing stones from forming. 
Andrew^s and Brooks® state that there are no cases on record in which a 
cystinuric subject has ever formed a calculus of anj*^ other composition 
than practically pure cystine. _ , 

In children, cystinuria may provoke more violent disturbances than 
those above described. Cases have been reported by Abderhalden, 
Lignac®' (3 cases), Fanconi,®® and Beumer and Wepler,'® of young chilcuen 
w’ho died with symptoms of nutritional failure, and at postmortem ha 
cystine crystals in many organs by both microscopic and chemical exami- 
nation, These autopsy findings suggest that enzjnnatic inability to metao- 
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olize essential cystine was the mechanism behind their failure of normal • 
growth and nutrition. Three of these 6 cases had proteinuria and renal 
glycosuria, attributed to malfunction of the infiltrated kidney. 

Indican. Several studies on the excretion of this substance have been 
reported by Sharlit.^^® Indole, which is formed solely in the intestines 
from tryptophane, is detoxified by the liver through ojadation to indoxyl 
and conjugation with sulfuric acid to form potassium indoxyl sulfate, or 
indican. The excretion of large amounts of indican in the urine may be 
accepted as evidence of inordinate putrefaction of protein in the intestine. 
SharlW®®^ collected single chance specimens of urine from each of 35 infants 
between 2 months and 2 years of age, each of whom had an eruption — 
usually some form of eczema. The quantities ranged from faint trace to 
87 mg. per liter — values which were probably in excess of normal amounts, 
though distinctly less than might be expected from protein putrefaction 
due to intestinal stasis of any marked degree. Sharlitf®®" found also that 
newborns aged 3 to 19 days excrete appreciable amounts, though he made 
no attempt to correlate the quantities with the exact daily age, laxation 
rate or kind of milk being fed. 

Pkenylpyruvic Oligophrenia. This is a rare metabolic error, congenital 
and hereditary, characterized by mental deficiency, neurologic disturbances 
and phenylpyruvic acid in the urine. Dann, Marples, and Levine^^ 
subjected a 25 month old boy with this disease to extensive metabolic 
tests. They found his urinary content of this substance to vary from 
0.45 to 1.03 gm. per 24 hours. Appreciable amounts of phenyllactic acid 
(0.20 to 0.55 gm.) and of phenylalanine (0.21 to 0.32 gm.) were also being 
excreted. On the basis of these and other experimental findings they 
concluded that the defect in this disease is an inability to properly metab- 
olize phenylaline. Ascorbic acid in large doses did not induce improve- 
ment. For accuracy in diagnosis, the authors recommend a urine exami- 
nation for phenylpyruvic acid of every infant and child suspected of being 
mentally retarded. The test is easy to perform. If phenylpyruvic acid is 
present, acidified urine, when 5 % ferric chloride solution is added, assumes 
a transient characteristic green color. 

17-KeU) Steroids. The urinary excretion of 17-keto steroids in children 
has been reported on by Talbot and associates.^^® The output of these sub- 
stances was very low from birth to approximately 10 years, rising gradually 
with older children as they approached 18 years of age, with no significant 
difference between boys and girls. During the period from 8 to 18 years, 
the average output rose from less than 1 mg. to approximately 9 mg. per 
day. Because values approximating 0 mg. may be considered normal for 
children under 10 years of age, detection of abnormally low excretion in 
children under that age is not possible. However, children who have 
reached their 12th birthday should excrete at least 1 mg. of 17-keto 
steroids daily. A tendency toward moderate elevation in output of 17-keto 
steroids was observed in apparently “normal” children with physiologic 
sexual precocity and in abnormally overweight children whose develop- 
ment tended to be accelerated. Abnormally low values for excretion were 
obtained for children over 12 years old whose growth and development were 
retarded. The excretion of 17-keto steroids of patients with mongolism 
was not consistently abnormal. 

Tyrosine and Phenylalanine. A spontaneous defect in the metabolism of 
tjTosine and phenylalanine was discovered by Le^dne, Marples and 
Gordon®^ in premature infants being raised on cow’s milk. Pull-term 
infants on similar diets did not excrete these aromatic amino acids. Chrom- 
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• ogens were encountered, while studying the urinary excretion of creatinine 
by prematures, which gave the Jaffe reaction but none of the other char- 
acteristic tests for creatinine. By careful analysis these substances were 
found to be Z-p-hydroxyphenyllactic and p-hydroxyphenylpyruvic acids. 
When these amino acids were fed in pure form their urinary excretion 
became augmented. "When the feeding mixture contained 5 gm. or more 
of cow’s milt protein per kg. body weight per day, these abnormal sub- 
stances were present in quantities of 300 to 500 mg. of tyrosine equivalent 
per kg. body weight per 24 hours. On the other hand, with breast milk, 
which contains much less protein, or with a cow’s milk mixture of greatly 
reduced protein content, the daily excretion fell to below 10 mg. The 
authors were able to show that this behavior was brought out most fully 
when there was no vitamin C in the diet. Conversely, the administration 
of Z-ascorbic acid completely eradicated the defect without necessarily 
raising the plasma ascorbic acid level. The administration of d-isoascorbic 
acid had a less definite partial effect. None of the other known vitamins 
produced any improvement. The reversibility of this metabolic aberration 
differentiates it from such hereditary anomalies as alkaptonuria and 
phenylpyruvic oligophrenia which are not correctible with vitamin C. 
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The problem of cancer is far from solved, but each year one or two 
bits of information are unearthed w'hich may be small pieces in the gigantic 
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jig-saw puzzle. While the present status of the situation is not too 
encouraging, there can be no doubt that, on the whole, our knowledge of 
the subject and the results of treatment are improving. Until we know 
the cause of cancer, treatment cannot be fully efficient, and much praise 
should be given to the many investigators who are working on this phase 
of the subject. The widespread use of estrogenic substances in various 
gynecologic disorders has prompted an editorial comment’ on the work of 
Gemmell and Jeffcoate,® who have observed the appearance of carcinoma 
of the cervix in 3 patients among 43 who were treated with estrogens for 
kraurosis vulvse and senile vaginitis. The occurrence of these 3 cases 
cannot prove that carcinoma cervicis may be caused by estrogens, but 
they point out some practical lessons: (1) Every patient of menopausal 
or postmenopausal age, presenting symptoms of discharge, should be sub- 
jected to the most careful investigation to exclude carcinoma of the uterus, 
even when some lesion such as senile vaginitis appears to be the obvious 
cause. (2) Estrogens should be administered with caution if the patient 
has a lacerated or infected cervix or any other precancerous lesion. 
(3) Estrogens should probably not be administered to patients with a 
strong family history of malignant disease. 

Diagnosis. In order to obtain the best results in the management of 
cancer of the cervix, it is essential to diagnose the disease in its early stage. 

The. iodine test which Schillei^ has popularized, will indicate suspicious 
areas in the cervix which should be subjected to biopsy. This test is based 
on the fact that the upper layers of the normal epithelium of the portio 
and the vagina contain rich masses of glycogen which disappear when 
the epithelium becomes cornified or changed by cancer. In the normal 
living tissue, the glycogen of the upper layers of cells is stained, in a few 
seconds, a deep mahogany brown by iodine in watery solution (LugoVs 
solution). A superficial area of early cancer, being devoid of glycogen, 
does not receive the stain and stands out startlingly white or pink against 
the deeply colored background of normal tissue. While the test is simple, 
it is not without its limitations. It appears to be completely reliable 
when it is clinically negative, that is to say, when all the tissues take the 
normal stain, therefore the test is specific in the absence of cancer, but 
there are several conditions that obscure the test, and -with these the 
examiner should be thoroughly familiar. The stain does not take on 
glandular epithelium like that of the endocervix, hence an eversion would 
appear pink and an adenocarcinoma, which fortunately is rare, would not 
stain. Ulcerations and erosions have no epithelial covering of the squa- 
mous type, and hence do not stain. In areas of chronic cervicitis, the 
epithelium is often deficient in glycogen, taking a very light brown stain 
which blends mth surrounding deeply staining tissue, instead of being 
sharply defined from it as in cases of cancer. It is also important to 
remember that the normal stain is prevented or obscured by a slight 
trauma such as that from tenacula or scrubbing with gauze. This is 
caused by the rubbing off of the upper layers of epithelium which contain 
the glycogen. _ The cervix and vagina of the hypoplastic and atrophic 
individual, stains lighter than the normal, but during pregnancy the stain 
is especially deep. Pus stains black, but living granulations do not take 
the stain, while mucus, blood and douche water obscure the reaction. 
Hyperkeratosis prevents the stain as in leukoplakia, lues, and exposed 
areas in prolapse. The test is of value only in cervical cancer and is not 
adapted to other superficial cancers, such as those of the wlva and skin 
in other parts of the body. This is due to the fact that the epidermis 



796 


PKOGRESS OF MEDICAL SCIENCE 


of the portio and vagina is not cornified and that the upper layers of cells 
contain a special chemical type of glycogen. Schiller states that it is a 
mistake to carry out the test in suspicious cases only. We see carcinomas 
in women who never had leukorrhea, never had a discharge, in women 
with perfectly smooth cervices and portios. He has discovered a number 
of early carcinomas in young women who came for backache, cystitis, or 
some other unrelated complaint. He believes that if we could examine 
all women once or twice a year, by the iodine test, then we would succeed 
in getting all carcinomas in the initial phase and all would have a definite 
possibility of cure. 

Novatf® states, however, that both this test and the use of the colpo- 
scope are of rather limited value. Neither procedure is of the kind which 
can be expected to achieve adoption by the general profession, nor is this 
desirable. Considerable experience is necessary for proper interpretation 
with either method, and neither is of mueh value unless combined with 
biopsy and pathologic diagnosis, so that it is quite certain that the general 
practitioner will wish to transfer this responsibility to the specialist who 
is trained in such matters. Colposcopy, moreover, is a time-consuming 
procedure. The chief value of the Schiller test, even to the expert gyne- 
cologist, is to indicate the proper points for biopsy, though in the great 
majority of these cases the suspicious areas are apparent enough, some- 
times pathetically so. The same statement may be made concerning the 
colposcope, so far as actual cancer is concerned. Novak does not believe 
that a good gynecologist who examines the cervix very carefully in a very 
good light, will overlook many cancers that the colposcope would reveal. 
Moreover, this procedure as well as the Schiller test, is ob^^ously intended 
chiefly for the detection of the earliest cases, those in which there has been 
no bleeding, for the occurrence of the latter presupposes that ulceration 
has already begun. To pick up these very early cases, the colposcope 
would have to be used practically as a routine, which is almost out of the 
question in most clinics. In cases in which symptoms have already 
developed there is rarely any difficulty in finding the suspicious area 
with the naked eye. In the opinion- of Martzloff the iodine test is not 
specific for cancer or for areas of so-called probably beginning cancer. 
According to his experience, the overwhelming majority of unstained areas, 
including areas of leukoplakia, show no histologic evidence suggestive of 
probably beginning cancer. Small epithelial gland plugs, vermilion areas, 
a proportion of superficially situated nabothian follicle cysts, area of 
epithelial loss, either when superficial or, if complete, apparently when 
fibrin covers the base of the ulcer, epithelium involved in an underlying 
inflammatory process and particles of adherent inspissated secretion, 
together with other unexplained areas, fail to stain vdth the iodine. It 
follows that, if areas that do not stain with iodine are not interpreted 
■ttdth due reserve, they lead to endless confusion and alarm for the physi- 
cian and unnecessary biopsy, cervical tinkering, and hysteria for the 
patient. He has not discovered a histologicallj’^ proved area of probably 
beginning cancer mth the iodine test, nor has the test proved to be of any 
more Assistance than careful inspection with the unaided eye. 

Since most authorities agree that the absolute diagnosis of cervical 
cancer must depend on the microscopic examination, usually of a biopsy 
specimen, Henrikserf® cautions that the amount of tissue for study must 
be sufficient to include not only the suspected area, but also some of the 
apparently normal tissue. For satisfactory interpretation of the histo- 
logic picture, an aggregate view of the changes must be obtained. Diag- 
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nosis based on the individual cellular changes is hazardous, especially when 
the tissue is scant in amount. One section from the area in doubt fre- 
quently misses the suspected process, while serial sections of the specimen 
will not uncommonly reveal the real nature of the lesion. The dangers 
of infection, dissemination or stimulation of the tumor growth, and 
hemorrhages, are apparently not as dangerous as they were once con- 
sidered by many. In spite of any possible risks, the data obtained more 
than counterbalance them. That stimulation of the tumor growth occurs 
is not supported by the evidence now available; there is no proof that 
the growth is accelerated, and animal experiments show no change in the 
growth rate following trauma. Three days after taking a biopsy from a 
normal cervix, the wound is usually completely healed. Hemorrhage, 
except in advanced cases, rarely occurs, and at most amounts to only a 
slight venous ooze. An important factor in taking the biopsy is imme- 
diate fixation, for it has been shown that the alkaline secretions of the 
cervix bring about a definite fading of the nuclear particles, and thus the 
resultant microscopic picture is hazy. Immediate freezing and staining 
is the ideal method; but when permanent serial sections are desired from 
a small bit of tissue, this procedure is difficult and undependable except 
in the hands of an expert. Henriksen states that the divergence of opin- 
ion as to the diagnosis in very early carcinoma of the cervix is dishearten- 
ing, many still seem to cling to the older concepts of cellular confusion 
so characteristic of the late stages. At the other extreme are those who 
scent malignancy wherever there is a departure from the accepted normal 
of cellular activity. In order to appreciate fully the pathology of the 
cervix, one must be especially equipped to diagnose the very early case. 
To attain this knowledge, one must possess a familiarity with all the vari- 
ous cellular changes, checked by careful follow-up studies in each case. 
Merely to call the changes “suspicious” or “doubtfully malignant” is of 
little aid to the clinician, who, if possible, wishes to be informed that 
the lesion is either benign or malignant. If the pathologist cannot decide 
either way, the responsibility reverts to the clinician; though when such 
doubt exists, the wise plan is often to defer active treatment until the 
question can be definitely settled, for such a slight delay will rarely en- 
danger the patient. 

Statistics show that in the United States 10 % of patients with cancer 
of the cervix are nulliparous. In the Department of Gynecology (Univ. 
of Pa.) this percentage is about the same, as Tompkins^® reports 53 cases 
in nulliparae in a series of 505 patients treated. In a detailed tabulation 
of various phases of the disease, including race, age, extent when diag- 
nosed, histologic type, treatment, and results, he found that this disease 
in the nulliparous differs in no respect from cancer in parous women. 
It is of passing interest to note that all of the cases in nulliparous patients 
were in white women and none were Jewish. In a clinical study of 940 
cases of cancer of the cervix in Johns Hopkins Hospital, Henriksen'^ 
found that the average age was 46.1 years, while tss^o-thirds of the cases 
occurred before the age of 50 years. Over 10 % had never been pregnant. 
Bleeding from the vagina is the most frequent symptom, averaging 
6 months before applying for treatment. Postcoital spotting occurred in 
less than 5%. Involvement of the urinary tract was present in 50% of 
the cases, ndth nocturia the most frequent complaint. Pregnancy has 
some influence on the growth of the tumor, while cervical laceration is a 
cardinal factor in producing chronic irritation. The average Hb. con- 
tent was lo %, which is not much below average for normal women. Loss 
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of weight has no diagnostic value, as one-half of the patients had no loss. 
Pain rarely appears before parametrial invasion, unless due to associated 
pelvic lesions. In this series there were 22 cases in the cervical stump 
following subtotal hysterectomy, wdth an average lapse of 5 years. He 
assumes the growth to have been preexistent to operation if it occurs 
within 2 years. The incidence of cancer of the stump in this series is 
less than 0.2 %. Rectal invasion is rare, except in advanced cases. That 
cancer of the cervix is rare in adolescence is confirmed by the report of 
Bowing and McCullough,^ who point out that among 3000 patients with 
malignant neoplasms of the uterine cervix referred to the Mayo Clinic, 
only 1 instance of cancer in a patient less than 20 years of age was found. 
This occurred in a white girl of 13. The case emphasizes the need of- 
making a careful manual and visual examination as well as microscopic 
and pathologic examination of any tissue which may be at all suspicious. 
They believe that, because of the rarity of the disease among patients 20 
or less years of age, and of the difficulties encountered in making the 
diagnosis and the emphasis placed on the so-called cancer age, the diag- 
nosis of cancer among young women is frequently confused or missed 
entirely. A search of the literature since 1862 revealed 25 cases of carci- 
noma of the uterine cervix in girls 20 years of age or younger. 

Since leukoplakia is often considered to be a precancerous lesion, it is 
interesting to note that Schiller^ states there is no causal relationship 
between para- or hyperkeratosis and carcinoma of the portio. From 
extensive material he could not find even 1 case of carcinoma that devel- 
oped from a true keratosis. Cases wth prolapse are excluded in this 
study; at best the^"^ disprove any relationship between carcinoma and 
cornification. In other parts of the body — mouth, lips, for example— 
cornification plays an important rSle in the etiology. These areas of 
leukoplakia do not warrant radical treatment, such as amputation of the 
portio advocated by some authors as a prophylaxis against possible malig- 
nancJ^ He found that these areas of leukoplakia remain for years with- 
out undergoing any changes. Malignant degeneration after 10 or 20 years 
cannot be excluded, but his observations point against it. If the histo- 
logic diagnosis is definitely established, a periodic examination is sufficient. 
Radical therapj’- is not justified. These areas of leukoplakia are to be 
grouped with the benign hyperkeratosis of the skin rather than -with the 
leukoplakic areas of the mucosa of the mouth or larynx. As a means of 
making an early diagnosis in uterine cancer wth a minimum of expense 
and annoyance to the patient, Papanicolaou and Traut““ have advocated 
the study of vaginal smears. Cerwal malignancy, in their experience, is 
revealed in vaginal smears by the appearance of characteristic cells. 
These are derived from the superficial layers of the tumor which undergo 
continual desquamation. These cells show great variety of form and 
size, much greater than that seen in sections of the tumor. Their dis- 
tinctive features lie in their structural abnormalities. They do not fall 
into the categories of any of the cell types found in the vaginal fluid of 
normal women or of women ha-ving benign tumors or other pathologic 
lesions of the uterus. The most characteristic feature of the abnormal 
cells is the atypical form and structure of their nuclei. These often are 
very large, far surpassing normal size. The chromatin frequently shows 
a characteristic distribution in the form of conspicuous -granules and of 
one or more small nucleoli. The cytoplasm also shows abnormal changes. 
It is often dense and hyperchromatic, particularly in the cells of the basal 
type. Such cells may appear either singly or in compact dark-staining 
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clusters. Their form and size vary greatly. Some of the basal cells 
assume elongate, spindle-like, triangular or ameboid forms. Basal corni- 
fied cells are not uncommon. Vacuolization of the cytoplasm is a charac- 
teristic feature. The vacuoles may be empty, or they may contain 
leukocytes, erythrocytes, cellular debris, or some pink-staining fluid. 
Sometimes the vacuoles occupy one side of the cell, while the dense cyto- 
plasm and the nucleus are concentrated on the other side. A commonly 
found, very characteristic cell type is an extremely elongated one resem- 
bling a smooth muscle fiber. Long fibrous cells of this type are modified 
epithelial cells, and appear either isolated or in groups. Another de- 
formed cell type which is often seen, is one having the form of a tadpole, 
with a spherical head containing the nucleus and a tail-like prolongation. 
The bulging of the heavier part which contains the nucleus is sometimes 
placed more centrally, causing a narrowing of the cell at both ends. Other 
cells attain very large sizes and acquire the most unusual forms. These 
“aberrant” cell types are numerous only in advanced cases of malignancy. 
They are relatively rare in the early stages of the disease, and a thorough 
search of several slides is often necessary before their presence can be 
established. For this reason, a negative diagnosis should always be made 
with extreme caution. Considering that, even in the advanced cases, the 
number of cells derived from the tumor forms only a small part of the 
total number of desquamated cells present within the vagina, it is natural 
to find the normal epithelial cells always in the majority. Blood elements 
are quite conspicuous in the vaginal smear of cervical malignancy. Eryth- 
rocytes are generally found in large numbers. Many show degeneration 
and have lost their hemoglobin. Fibrination is very pronounced. The 
complete absence of blood is so rare, even in the early stages, that it 
may be considered in favor of a negative diagnosis. The leukocytes are, 
as a rule, very numerous, more particularly in the advanced cases. After 
trying this method at the Massachusetts General Hospital, Meigs^® has 
been impressed with its accuracy, and believes it should be widely used. 
He states that a negative diagnosis should not be accepted as final in 
any patient with a suggestive history or examination. In any suspicious 
case, a negative smear must be checked by many more slides and by 
examination of biopsy material. A positive diagnosis does not mean that 
radical surgery or radiation should be undertaken, but indicates that con- 
firmatory biopsies of the cervix or endometrium should be performed. 
Any patient with a positive vaginal smear who is without clinical e\ddence 
of cancer should be followed closely by repeated examinations and smears. 
The ease with which material for diagnosis can be obtained by this method 
makes the technique adaptable to office and out-patient department prac- 
tice. However, since the recognition of cancer cells in the vaginal smear 
requires an experienced knowledge of cytology, it is suggested that there 
should be in every hospital a service for the interpretation of smears. It 
is his opinion that no longer can the vaginal smear be omitted from the 
routine examination of any female patient who is in the cancer age group. 

Prognosis. Biopsy material from 728 cases of carcinoma of the cervix 
has been examined by Chambers/ and 500 cases have been histologically 
graded based on the extent of differentiation and degree of cell activity 
and also on the general architecture of the growth. The results of treat- 
ment have been recorded, with special reference to the local area of the 
cancer at the primary site in relation to the histologic type. The highest 
percentage of local j^ures has been obtained in the transitional tvpe of 
squamous cancer (73.8%) and in the adenocarcinomata (72.9%), but 
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none of the histologic grades show a difference of more than 15% in either 
local cure or in the number of 3-year sur\dvors. There is no e^^dence 
that adenocarcinomata are insensitive to irradiation. Following a careful 
analysis of the sur\aval rates of patients following irradiation, Meigs and 
Jaffe*^ have found that the first 2 jmars are the serious years for patients 
with cancer of the cer\dx, for in the 3rd and 4th years, respectively, less 
than 9 % of the total number of cases, not including the survivors, died. 
In the 5th year not over 5 % died, and in the 6th, 7th, and Sth years not 
over 2%. Thus it is evident from these various charts that end-results 
in a series of cases of cancer of the cervix treated by radium or radium and 
Roentgen ray can be predicted by subtracting 10% of the total number 
for the 3rd year, 10% for the 4th year, and 5% for the 5th year, and 
results up to the Sth year by subtracting 2 % for each of the next 3 years. 
This should be of great value. Thus, if at the end of the 2nd year in a 
group of 100 patients, 54% are alive, 10% may be subtracted for each 
of the next 2 years, lea-\dng 34 % and for the 5th year 5 %, leaving 29 % 
of predicted 5-year sur\dvors. Thus, final results will be vdthin a 5% 
error. Such mathematical maneuvers are of enormous value, for the 
therapeutist can satisfy himself of his expected results after a follow-up 
of 2 years, and certainly after a follow-up of 3 years. It is obvious that 
most of the deaths occur in the first 2 years, and most patients who have 
no obvious disease at the end of 2 years have a good chance for recovery. 
They state that it is only necessary to follow our cases for 3 years following 
treatment, and then by deducting 15% the 5-year end-results can be 
predicted. Therefore, it is unnecessary to wait for 5 years following treat- 
ment before reporting a group of cases or to change a method of treatment. 
For those patients who have survived the 5-year period, the report of 
Kimbrough and Tompkins'* based upon 304 patients treated at the 
Hosp. of the Univ. of Pa. is helpful. They found that 23.3% of the 
patients survived 5 or more years, and 1S.7 of the original group lived 
more than 10 years after treatment. In other words, four-fifths of those 
who survived 5 years lived at least 10 years after treatment. Based on 
her observations of over 900 cases of cancer of the cervix at the Marie 
Curie Hospital in London, Goldschneider® states that the occurrence of py- 
rexia in the course of radium treatment is an unfavorable development and 
usually indicates an increased immediate mortality as well as a reduction 
in the number of 5-year cures. 

Radiotherapy. For many years irradiation has been advocated by most 
gynecologists as the safest and best method of treatment, but lately there 
has been a trend back toward operative treatment. In order to compare 
these 2 types of treatment, Jones and Jones'* have reviewed a selected 
group of 36 cases of early carcinomas of the ce^^dx treated with pan- 
hysterectomy and compared the results with 704 unselected cases in all 
stages, treated with radiation. Although irradiation has been demon- 
strated by numerous observers over a period of years to be more satisfac- 
tory than panhysterectomy for the average case of cervix carcinoma, it is 
the opinion of many gynecologists and general surgeons that operation is 
a satisfactory method of therapy for very early cases. That panhysterec- 
tomy is commonly selected in such cases is indicated by the fact that, 
in their experience, "for every 10 patients with primary carcinoma of tlie 
cerHx there is 1 admitted for treatment of a recurrence after operation. 
During the years 1927 to 1937, 36 patients with early carcinoma of the 
cerHx were carefully selected for operation at the Johns Hopkins Hospital. 
In spite of this careful selection, a 5-year cure rate of only 41 % was 
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obtained. This does not compare well with the cure rate of 57 % obtained 
by irradiation with less favorable material. It has, therefore, been con- 
cluded that as a practical therapeutic procedure for early carcinoma of 
the cervix, panhysterectomy is an unsatisfactory method of therapy. 
Irradiation is the treatment of choice. 

While the present study strongly suggests that operation is not the 
method of choice in early Stage 1 cases, especially in the transitional and 
spindle cell groups, it does not at all indicate that the “ accidental and 
preinvasive lesions should not be operated on. In the 36 cases of the 
operative series herein reported, 5 belong to this group. All these patients 
are living except 1, who died of postoperative shock. With the informa- 
tion at hand, the question of operation or irradiation cannot be definitely 
decided for this group. In a more general consideration of the selection 
of type of therapy for these early cases of carcinoma of the cervix, it is 
worth noting that, although the lesion in several instances was thought to 
be of the earliest, there was found on examination of the ^oss operative 
specimen, a large intracervical nodule of cancer. For this reason, and 
because of the experience considered in this paper with slightly more 
advanced squamous cell lesions, they feel that irradiation will prove more 
satisfactory for the entire squamous cell group, including the “acci- 
dentally” discovered and preinvasive lesions. If radium is selected as 
the method of treatment, full dosage should be employed, because early 
lesions of the cervix may be more extensive than clinical examination can 
indicate. 

While the application of radium under ordinary conditions is a com- 
paratively simple procedure, there are many complications which may 
occur. In presenting some of these. Cutler® .mentions the condition which 
renders it difficult and sometimes impossible to introduce radium safely 
into the cervical canal, namelj', occlusion of the canal by the growth. 
The danger of perforation in an effort to locate the cervical canal under 
these circumstances is well known. Experience has demonstrated the 
importance of avoiding this danger. This can be accomplished by initiat- 
ing the treatment with external and vaginal radiation. The regression of 
the lesion following these procedures, with rare exceptions, results in a 
disappearance of the occlusion so that the cervical canal can be located 
without undue trauma and with no danger of perforation.. 

Pyometra may be divided into 3 groups; (1) Early pyometra due to 
occlusion of the cervical canal and appearing toward the end or vdthin 
several weeks after radiation. This complication should always be con- 
sidered and recognized as early as possible. Dilatation of the cervical 
canal and drainage frequently terminates this complication. (2) Late 
pyometra occurs from 1 to several years after treatment. The condition 
has to be differentiated from recurrence. The treatment is the same as 
for early pyonietra. Occurring long after treatment, the diagnosis is more 
likely to be missed. (3) Late infectious parametritis, a complication that 
arises usually 1 to 3 years after radiation treatment. It may be due to a 
reactivation of an old latent infection or to a new infection which becomes 
localized in tissues of a lowered resistance. This inflammatory complica- 
tion must be differentiated from recurrent cancerous disease. 

Infection during the process of irradiation is by far the most important 
complication associated with the radiotherapy of the cancer of the cervix, 
the 2% mortalit}^ ch,wged against this procedure being due almost exclu- 
sively to the activation of hemolytic streptococci by the radiation. In 
an effort to determine the ^^rulence of the microorganisms, Huge devised 
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a clinical test which has been amplified by Philipp. The Ruge-Philipp 
test determines the ability ot the patient’s microorganisms to grow in a 
medium containing the patient’s own blood. If the bacteria grow and 
multiply they are considered virulent. If they fail to grow or if they dimin- 
ish in number they are considered of uncertain virulence. With this 
classification it was found that radiation treatment in the presence of 
avirulent streptococci resulted in 1 death (2%). One patient developed 
severe complications and 48 had a smooth convalescence. Of 22 carriers 
of virulent streptococci, 5 (19 %) died, 8 showed severe complications, and 
13 shoAved a smooth convalescence. Manj^ procedures have been advo- 
cated to combat this complication. Antiseptic douches, hypertonic salt 
solutions, copper salts, vaccines, autovaccination and antistreptococcus 
serum have been recommended. Since the introduetion of sulfanilamide 
and its derivatives, several reports have appeared in the literature indi- 
cating their A'^alue in the treatment of these infections. 

Intestinal injuries resulting from irradiation have been studied by 
Aldridge,^ who states that they usually manifest themselves with the 
onset of intestinal symptoms, such as abdominal pain, frequent bowel 
movements, rectal tenesmus, and passage of varying amounts of blood and 
mucus by rectum. In some cases, the initial symptoms are those of 
intestinal obstruction, that is, abdominal pain, anorexia, nausea, vomiting, 
and obstipation or obstipation alternating with diarrhea. When these 
sjnnptoms appear, they may be due to a temporaiy partial intestinal 
obstruction caused by hyperemia, edema, and spasm of the bowel at the 
site of an intestinal ulcer, or to a true organic stricture resulting from the 
formation and contraction of scar tissue as Nature attempts to heal the 
injured bowel. Symptoms of. an intestinal injury may develop at any time 
from immediately following irradiation therapy to within several months 
or years later. Acute proctosigmoiditis is the mildest form of intestinal 
injury observed as a result of the secondary effects of irradiation therapy 
for uterine carcinoma. Characteristic intestinal symptoms appearing 
during the course of the treatment or soon after its completion give the 
first warning of the presence of such an injury. The symptoms include 
abdominal pain, diarrhea, rectal tenesmus and the passage of small amounts 
of blood and mucus by rectum.- Examination will reveal a typical local- 
ized inflammatory process involving the anterior wall of the rectum and 
distal end of the sigmoid at about the level of the cervix. The mucous 
membrane over the area is soft to palpation, intensely hyperemic in appear- 
ance or edematous with considerable mucous secretion over its surface. 
Trauma of the palpating finger or passage of a proctoscope readily induces 
slight bleeding. With a bland diet and suitable palliative treatment, 
these mild injuries heal spontaneously and symptoms disappear soon after 
termination of irradiation therapy, leaving no emdence of damage to the 
mucosa or wall of the intestine. Wien injury to the bowel is more severe 
than that which causes an acute proctitis, ulceration of the intestine 
usually occurs. Although ulcerative lesions have been observed on both 
the rectum and sigmoid, the usual location for their development is on 
the anterior wall of the bowel at about the level of the cervix or at about 
8 to 10 cm. from the anus. In a small percentage of these cases, perfora- 
tion of the bowel occurs into the peritoneal cavity, causing peritonitis; 
into the vagina, producing rectovaginal fistulas; or into the perirectal tis- 
sues, giving rise to ischiorectal abscesses requiring incision and drainage. 
Ulcerative lesions make their appearance at any time from soon after 
termination of irradiation therapy to within several iveeks or months later. 
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They tend to heal slowly with separation of sloughs from their bases and 
inward growth of the surrounding healthy intestinal mucosa. Injuries 
resulting in acute proctitis and ulcerative lesions appear to be confined 
essentially to the mucosa and wall of the intestine itself and have been 
referred to as “intrinsic lesions.” There are a few other cases in which 
the primary injury appears to have involved the perirectal tissues. The 
characteristic tissue reaction following such injuries is the formation of a 
difi'use mass of fibrous tissue involving all the pelvic structures below the 
uterocervical junction and extending upward and backward^ to the second 
or third sacral vertebra. This type of tissue reaction to irradiation re- 
ferred to as an “extrinsic lesion” produces a pelvic condition which is 
difficult to differentiate from the so-called “frozen pelvis” caused by 
massive invasion of all pelvic structures by malignancy. It may be asso- 
ciated with an ulcerative lesion of the bowel. As healing of this type of 
injury progresses, the lower bowel is likely to be distorted by contraction 
of the fibrous tissue and by external pressure causing intestinal obstruction. 
That this condition is not a rare one is shown by the report from the Mayo 
Clinic by Randall and Buie , 21 who present data on 88 cases in_ which sig- 
nificant symptoms led to proctoscopic examination and a diagnosis of 
factitial changes in the rectum following radiation therapy. These symp- 
toms, in order of frequency, were most commonly bleeding from the 
rectum, mucous discharge, and constipation. Other complaints that were 
made less frequently were of abdominal cramps, decrease in the size of 
the stool, and tenesmus. The average time that elapsed between the 
initial course of treatment and the appearance of symptoms was 10 months. 
Ten patients complained of various rectal symptoms that commenced 
immediately after treatment, and 3 patients noted the first symptom, 
bleeding from the rectum, 38, 40 and 48 months, respectively, after the 
initial treatment. Except in those few cases in which ulceration is suffi- 
cient to lead to formation of fistula, or in the occasional case wherein 
actual involvement of the rectovaginal septum by the malignant process 
is responsible for breakdoAvn of the tissues, healing will take place, pro- 
viding the patient survives the malignancy for a sufficient time. Healing 
is accompanied by scarring, occasionally some reduction in the size of 
the lumen of the rectum and by telangiectasis which usually produces 
bleeding from the rectum. Usually the patients can be taught proper 
care of the rectum. It should be explained to them that time is one of the 
most necessarj'' factors to be considered, and that treatment usually is 
prolonged. The patient should take a warm, cleansing enema after each 
defecation in order to keep the rectum as free from fecal matter as pos- 
sible. She is then instructed to inject 2 fluidounces (60 cc.) of warm ham- 
amelis water (witch hazel), to be retained until the next movement of the 
bowel. Often the injection of 2 fluidounces of warm olive or mineral 
oil before retiring is of benefit. A bland diet, reenforced with some sub- 
stitutes to furnish bulk, such as are noAv available, allows a soft stool 
free from irritating particles. Caustic medicaments should not be applied. 

Following his experiences with nearly 50 cases of rectal ulceration, or 
as he calls it “pseudo-carcinoma of the rectum” follovdng cervical irradia- 
tion, Todd® states that colostomy is frequently necessary, especially if 
stenosis, hemorrhage or severe pain are prominent symptoms. In order 
to prevent the occurrence of rectal ulceration, he gives several suggestions 
which sound valuable. He states that in order to utilize to the full the 
possibility of obtaining distance protection from the rectum, all vaginal 
applications of radium should be made until the patient in the knee-chest 
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position. The lips of the cervix, or a portion of the growth, should he 
sutured over the intrauterine tube to ensure that it does not slip into the 
vagina, or alternatively, a special type of applicator devised to prevent 
this complication, should be used. A locking device for the vaginal appli- 
cators should be used in order to prevent slipping and approximation. 
Repeated skiagraphs should be made during treatment to ensure that the 
position of the applicators remains constant; if slipping occurs, it is recog- 
nized, and the radium can be removed before damage is done. In the 
presence of retroversion, the intrauterine dose should be reduced, or the 
distal needle omitted in subsequent applications. A special applicator 
should be used during Roentgen ray treatment to limit the amount of 
radiation delivered to the rectum. Routine blood counts during treat- 
ment will demonstrate any marked constitutional effect due to the radia- 
tion. A pronounced Ijnnphopenia indicates the advisability of stopping 
treatment. Preliminary proctoscopy will show whether or not the rectal 
mucosa is normal before radiation. Should rectal sjmiptoms occur during 
treatment, proctoscopy will show whether or not there is any excessive 
reaction, and will decide whether the continuance of treatment is safe. 

Operative Treatment. As previously stated, there is a tendency toward 
the resumption of operative treatment in this country, but in Europe 
there have always been some gjmecologists who favored, the surgical 
operation in spite of the favorable results others were achieving with irra- 
diation. In 1936, Bonney^ did his 500th Wertheim operation during a 
period of 34 years. In the operation he removes nearly all of the vagina, 
the uterus, appendages, iliac and obturator glands, and as much of the 
parametrium as possible. In addition to marked extension of the growth, 
operation may be contraindicated on account of grave diseases of the 
heart, lungs or kidneys, severe diabetes or gross adiposity. In such cases 
he advocates radium. He does not use radium preoperatively nor Roent- 
gen ray postoperatively. Of the 500 cases, 201 were well after 5 years, 
193 recurred before 5 years, 36 were not followed or died of other diseases, 
and 70 died of operation. Thus the absolute cure is 40 %, the relative 
salvage is 43 % for 5-year statistics. About 65 % of recurrences occurred 
within 2 years after operation. Recurrences were treated by irradiation, 
but uniformly without success. He considers recurrence after a Wertheim 
operation as practically incurable by any means. The operative mortal- 
ity rate of 14 % was largely due to shock. In about 40 % of the cases 
the regional glands were involved, and in these the 5-year cure rate was 
only 23 %, as opposed to the cases free from gland involvement and where 
the cure rate reached 58 %. Similarly, the operative mortality was only 
10% in the gland-free cases against 20% for the gland involved group. 
Vesical fistula occurred 8 times, 1 cured by operation, 1 closed sponta- 
neously, 4 remained open until death and 2 operated with death. Ureteral 
fistula — 8 cases, 3 closed spontaneously, 2 cured by gi’afting ureter to 
bladder, and 3 remained open until death. Ureter divided accidentally 
only once, but intentionally 12 times with implantations in the bladder, 
of whom 5 died of operation, 2 of recurrence, 2 are 10-year cures, 1 a 
5-year cure and 1 died of coronary thrombosis years after the operation. 
He admits that radiation gives results as good as surgery with much less 
risk, and states that no surgeon should undertake the operation unless he 
has served an apprenticeship in it, as it is the most difficult of gynecologic 
operations. 

In order to determine the status of therapy in cervical cancer in Central 
Europe, Mikulicz-Radecki^® collected statistics from 11 important clinics, 
embracing cases treated between the years 1919 and 1926, only a few of 
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these statistics haiang been previously reported. The combined senes 
totaled 5455 cases. Of these, 34.8% were operated upon and usually 
supplemented by postoperative irradiation. The remainder of the series 
was treated by irradiation alone, except for 5% lyhich were hopelessly 
inoperable and were not treated at all. Of the entire series, 24.5% were 
cured, which is the best absolute cure rate thus far published in such a large 
series. One clinic (Stoeckel) reached the very high rate of 36.5% of 
absolute cures. It should be borne in mind that absolute cures represent 
the percentage of all patients seen and not merely the percentage of those 
treated. Of course, in this series, since all but 5 % were treated, the abso- 
lute and relative cure rates would not be very different. Armed udth 
such statistics he states that such “elective therapy,” that is selecting 
the type of treatment for the individual patient is the best method of 
treatment. This means that from 20 to 40 % of the patients should have 
the radical operation with the greatest possible removal of pararuetrial 
tissue. He believes that the radical operation is superior to the irradiation 
alone, but simple hysterectomy is a useless procedure. Abdominal and 
vaginal radical operation give comparable end-results, but the mortality 
of the vaginal operation is lower principallj' because of the less chance of 
infection as a complication. Any operative procedure, however, should 
be reserved for the good risk patient if the mortality is to be kept low. 
These patients should have Roentgen irradiation postoperatively, but in 
cases where satisfactory remoA^al of the parametrium is doubtful, radium is 
applied in the parametrial and pararectal spaces. Preoperative irradia- 
tion is employed in cases in which it is hoped to bring them from the 
doubtful to the operable class, but as a routine treatment in all operable 
cases it only wastes valuable time, and its value as a preventive of post- 
operative infection has not been proven. All inoperable cases should be 
treated with intensive radium or Roentgen irradiation. 

Crossen® states his views on the sub^ject editorially by saying, in his 
book “Operative Gynecology,” that he expects to retain a description of 
the radical operation because of its historical importance in the develop- 
ment of the effective treatment of this disease. However, as a method 
of choice in the handling of carcinoma of the cervix today, radical opera- 
tion as opposed to irradiation is a back number, an obsolete method. He 
feels that it will probably take 10 years for this knowledge to permeate 
the profession and bring to the patients generally the benefits of a most 
effective treatment, especially if journals and books push the operation. 
Briefly stated, he believes that the successful care of a patient ndth carci- 
noma of the cervix is based upon an organized combination of expert 
ser\uces. The crucial point of attack is not in the uterus but in cancer 
cells along the pelvic wall. It is these outlying cells that must be reached 
and destroj^ed or recurrence is certain. Irradiation is the most important 
factor in attaining success in this concerted attack on the outlying cancer 
cells. There are exceptional conditions in which operative work with 
the knife also may be advisable, but, wherever used, operation should 
supplement irradiation and not displace it. Too many of these patients 
are still being treated with half-way measures, with operations that never 
reach the outlying cancer cells, and inefficient irradiation treatments that 
carry no de\dtalization into the distant cervical zone. Meigs^® gives 
5 reasons why he has resumed the operative treatment of cerHcal cancer. 
They are as follows: (1) if the cervix has been removed there is no chance 
for a recurrence in it, (2) if the cer\dx has been removed no cervical cancer 
can re-grow in it as a reoccurrence; (3) certain cancers of the cervix are 
radiation-resistant— a fact proved at the Pond\nlIe Hospital, where mplti- 
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pie biopsies are performed at the time the Roentgen ray and radium 
treatment are being earried out; (4) there will be less damage to the bowel 
if surgery is undertaken; (5) from the work of both Bonney and Taussig 
it is ob\’ious that patients with lymph node metastases can be cured by 
surgery in some instances, and the author believes that it is not possible 
to cure, vdth radiation, cancer in lymph nodes deep in the pelvis. The 
surgery must be limited to certain types of patients; ideally they should 
be thin, young, in good health, and have an early growth. One other 
group has been operated upon and will be discussed separately in the statis- 
tics and results. These are the patients in whom one or two radiation 
attempts at cure have failed. These cases are non-elective and are “ must” 
cases, and the results would be expected to be poor, and they are. 

The preparation of the patient for operation is very important. This 
consists of admitting the patient to the hospital 4 to 5 days before the 
operation is to be done. The blood chemistry must be brought to normal, 
vitamins are supplied in large amounts to arrive as far as possible at a 
normal level, and blood transfusions are commonly given. Two days 
before operation, the patient is started on 1 gm. of sulfadiazine every 
4 hours. The blood level has been determined in the Ijeginning and is 
usually found at 6 to 8 mg. per 100 cc. Lately, the sulfadiazine has been 
given vdthout determination of the level. At operation, 4 gm. of sulfanil- 
amide are placed in the large pelvic defect under the new peritoneal floor. 
Sulfadiazine is continued by mouth as soon as the patient can take it, 
and is continued for 7 days after operation. Of 47 selected cases, none 
has died, an operative mortality of zero. It was essential in this series 
that the mortality be low, for the results with’ radium in the radiated cases 
are so good that a 10 to 20% would prohibit surgery. A mortality of 
0%, or a verj’- low mortality, gives the operator a feeling that at least 
he is as well off as is the radiologist in treating this type of disease. The 
most significant complications are difficulties with the urinary tract. 
Cystitis, dilated ureters, and hydronephroses are the rule after operation, 
not the exception. In most cases, an intravenous pyelogram taken before 
discharge will show large ureters and kidney pelves, but this condition 
will clear up. Occasionally, patients have difficulty in voiding or empty- 
ing the bladder due to injury to the sympathetic or parasympathetic 
nerves. In 5 (10.6%) of the 47 cases, ureteral fistulas developed, which 
in all cases will mean ultimate nephrectomy. This is a serious complica- 
tion, but not a fatal one. In 1 patient vutli a huge tumor, both ureters 
were injured. There have been no vesicovaginal fistulas. The bladder 
was opened once and it was closed without any ill-effect. In 8 (17 %) 
cases, lymph nodes were found to be positive; iliac nodes in 4, ureteral 
nodes in 1, and obturator nodes in 5. It is extremely important, however, 
to realize that 8 of these patients with very early lesions would have 
eventually died if radiation had been used. In this group with positive 
nodes, only 1 patient has succumbed so far. Of the 6 patients with recur- 
rent disease or non-elective cases in Avhom operation Avas forced upon the 
surgeon, 5 have died, and 1 died of general peritonitis after operation. 
This is the only death in the series and, adding the groups together, makes 

1 death in 53 patients (1.9%). It is interesting to note, and of real 
importance, that the patient who died Avas the only one of the entire series 
aaLo Avas not prepared Avith a sulfonamide. Enough time has not elapsed 
to make the end-results of any A^alue, but 5 are aliA^e oA^er 3 years; 4 over 

2 years; 13 over 1 year; and the others for A’-arying months under 1 year. 
Of the electiA’e cases, 3 died of cancer. One died of cancer of the lung 
2 years and 2 months after operation, and 1 died of generalized metastases 
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throughout the body. He believes that surgery in selected cases is a 
better way to treat cervical cancer than is radiation. The experience of 
the patients who have had both methods of treatment has always been 
.that the surgery was much easier to tolerate than the radiation. Surgery 
of this extensive type can be done safely if we take advantage of all 
the precautions of modern surgery. The preparation of the patient, the 
maintenance of good diet, hygiene, the correction of blood chemistry, the 
use of transfusion, and especially the use of sulfonamides make for safer 
surgery. This series demonstrates that, in the hands of one surgeon, 
nearly 50 selected patients were put through a grueling operative procedure 
without mortality. If it were not for injury of the ureter, it would prob- 
ably be safe to saj' that this operation is better than radiation, but a 
ureteral injury of 10% in early cervical cancer is too large. , 

For over 10 years Taussig^-* has practiced the removal of the iliac lymph 
glands in addition to irradiation of the primary tumor in Group 2 cancer 
of the eervix, and has done 175 of these operations. He believes that the 
Wertheim operation with gland removal is the best procedure in the 
majority of early Group 1 cases. For persons untrained in the technique 
of the radical hysterectomy, he believes it safer and better to do the 
lymph gland operation with radiation of the cervix rather than an exten- 
sive Wertheim procedure. Hemorrhage was not infrequently an opera- 
tive complication, especially since wider dissections have been practiced. 
In 1 1 patients, the hemorrhage was disturbing, but in no case was it fatal. 
Almost always the bleeding originated in the plexus of i^eins at the point 
where the internal iliac vein divides into its branches. These veins are 
very friable. In the first cases, he tried to catch these veins with forceps 
and attempted to pass a needle Avith ligature around them. Invariably 
the needle would puncture another i^ein and the bleeding increased. 
Three of the earlier cases of severe hemorrhage Avere left open, with 
clamps and a gauze pack to control the bleeding. Clamps and gauze 
Avere removed in 48 to 72 hours. Recently the cases hai’-e been handled 
far more successfully by a firm gauze pack with a strip of the rectus 
abdominis muscle applied against the bleeding area to promote coagula- 
tion. In 15 to 20 minutes the bleeding Avas usually controlled, and the 
operation could be concluded. In 2 cases a small gauze pack Avas.left in 
the broad ligament for 48 hours. In the remaining cases, the bleeding 
Avas fully controlled and the pack removed before closure. This excessive 
bleeding can usually be aA^oided by more gentle manipulations in the 
deeper portions of the broad ligament. Injuries to important Auscera or 
nerves are rare. The bladder is out of the operative field. The ureter 
must be Avatched, especially if large cancerous glands are present, as it 
may then be adherent to them and stripped off of its normal attachment 
to the posterior sheath of the peritoneum. Once he ligated the ureter but 
without harmful result to the patient. Once the obturator nerA^e Avas 
resected Avith an adherent obturator gland, but produced only temnorarv 
discomfort. 

The percentage of 5-year surAUA^al AA^as OA^er 15 % better in patients Avho 
had the additional procedure of iliac Ijunphadenectomy; or, to put it from 
the standpoint of patients saved, OA^er 68% additional Avere sailed by this 
operation. 
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The Effect of Quinones on Blood Pressure in Hs^iertensive Rats. 
W. M. Ziegler and Henry Schwarz (Philadelphia Institute for Medical 
Research, Phila. Gen. Hosp.). In a recent study Henry Schwarz and 
W. M. Ziegler found that 2-meth5d-l, 4-naphthoquinone considerably low- 
ers the blood pressure of rats made hypertensive by silk perinephritis, and 
that a hydroquinone compound with similar vitamin K activity (e. g., 
Synkayvite) does not produce any depression of blood pressure at all. 
(Proc. Soc. Exp. Biol, and Med., 55, 160, 1944.) The present studies were 
undertaken in order to investigate ivhether a definite chemical structure of 
p. quinones might be essential for their effect on blood pressure in hyper- 
tension. We also wanted to examine whether hydroquinones act differ- 
ently, as was to be assumed from the 1 compound investigated. Our 
studies were performed in rats made hypertensive by Avrapping both 
kidneys with silk. Eighteen different compounds, 14 quinones and 4 
hj'^droquinones, many of them prepared in our laboratory, were assayed. 
The substances were dissolved in oil and given daily by intramuscular 
injection. The blood pressure was measured before, throughout and after 
the whole period of the experiment. Altogether 90 animals were used 
for the assays. The results of these studies are given in the following 
table; 

Active Depressors Inactive 


Toluquinone 

p. Xyloquinone 

m-X 5 'loquinone 

ThsTnoquinone 

-Naphthoquinone 

Menadione 

2-ethyl-l ,4-N aphthoquinone 


Quinone 

2.3- dimethj'l-Benzoquinone 
Duroquinone 
2 , 6 -diethylTBenzoquinone 
Antliraquinone 
Tetrahydro-N aphthoquinone 

2 . 3- dimethyl-N aphthoquinone 
Toluhydroquinone 
m-Xylohydroquinone 
Thymohydroquinone 
Synkayvite 


From these studies it becomes clear that 1 hydrogen and 1 alkyl group 
are essential for the depressor effect of quinones in experimental hyperten- 
sion. These radicals have to be at an essential place, e. g., on the same 
half of the oxidized benzene ring imaginarily ditdded in a vertical direction. 
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The type of the alkyl group might be of importance since the 2,5-diethyl- 
benzoquinone does not show any effectiveness, while the corresponding 
p. Xyloquinone is a powerful depressor. The effectiveness of the 2-ethyl-l, 
4-Naphthoquinone might probably be explained by a change of the ethyl 
into a methyl group in the body. The -Naphthoquinone, which also 
lowers the blood pressure, is the only compound so far tested which does 
not show the essential structure. It has to be pointed out, however, that 
this substance is relatively toxic and that the difference between the 
effective and toxic doses is relatively small in this case. 

All of the 4 h^'^droquinone compounds tested were ineffective. Since at 
least for the Synkay vite a transformation of the hydroquinone into quinone 
has been proved recently for normal animals (D. A. Richert, J . Biol. 
Chem., vol 154, 1944) it might be assumed that in experimental hyperten- 
sion the oxidative transformation of hydroquinones into quinones is 
disturbed. 


A Bacteriolytic Substance Contained Within a Purified Bacterial Virus. 
T. F. Anderson (Johnson Foundation, Univ. of Penna.). Centrifugally 
purified preparations of the tadpole-shaped bacterial virus j have been 
found to lyse suspension of the host {E. coli strain B) which have received 
so much ultra^dolet irradiation that multiplication of the virus does not 
occur. Moreover, such lysis proceeds immediately upon addition of virus 
to the host cells; this is in contrast to lysis of normal cells by virus which 
occurs only after a definite time interval in which the virus multiplies 
within the host cell. It thus appears that the virus has the ability to 
dissolve some substance or substances which hold heavily irradiated cells 
together. Disintegration of the virus particles by sonic vibration or by 
ultraviolet light fails to destroy the lytic activity, but rather enhances it. 

Indeed, ultraviolet irradiation of the virus frees the lytic principle from 
the sedimentable material, for the acti\dty of irradiated preparations 
remains in the supernatant even after centrifugation at 100,000 x gravity 
for 1 hour. The virus lysin may be similar to lysozyme for this enzyme 
also Ij^ses heavily irradiated cells of E. coli B. However, the virus lysin 
appeared to be more specific in its action, for it exhibits no visible effect 
on ill. lysodcikiicus on Avhich lysozyme is most active. Like lysozyme it 
is inactivated by 0.00001 N iodine and is not inactivated by 0.125 M 
Na 2 As 03 , 0.06 M NaNs or 0.125 N NajSOs. MgCL at 0.05 N inhibits its 
action either by an action on it or on its substrate. 


The Quantitative Determination of Cerebral Blood Flow in Man by the 
Use of Nitrous Oxide in Low Concentrations. Seymour S. Kety and Carl 
F. ScmiiDT (Dept, of Pharmacol., Univ. of Penna., and Med. Services, 
Phila. Gen. Hosp.). The proposed method is an application of the 
familiar Fick principle to the brain during its absorption of an indifferent 
gas from the blood passing through it. The relationships implicit in this 
principle may be expressed thus: cerebral blood flow (as cc. of blood per 
unit mass of brain tissue over any time period) is equal to the quantity of 
any gas taken up by unit mass of brain tissue during the same interval, 
divided by the quantity of that gas lost per cc. of blood during that period. 

The e.xperimental procedure involves the administration by inhalation 
of a gas mixture containing nitrous oxide (15%), in oxj^gen or a mi.xture 
of o.xygen (21%) and nitrogen (64%). From needles inserted in the 
internal jugular vein and the femoral artery simultaneous pairs of blood 
samples are taken at 2, 4, 6 and 10 minutes after the onset of inhalation 
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of the mixture. From the respective nitrous oxide concentrations it is 
possible to calculate the integral of the nitrous oxide arteriovenous differ- 
ence over the 10-minute period which represents the quantity of gas lost 
to the brain per unit volume of blood during that time. The quantity 
of nitrous oxide taken up by the brain in that time is calculated from the 
internal jugular concentration of nitrous oxide in the 10-minute sample 
and from the partition coefficient of nitrous oxide between brain and blood. 

The theoretical steps involved in this derivation have been subjected 
to experimental verification in monkeys, dogs and human subjects. Final 
proof of the validity of the method has been obtained by a comparison witli 
values for cerebral blood flow obtained simultaneously in rhesus monkeys 
by direct measurement using the bubble flow meter (Am. J. Physiol., 138, 
421, 1943). In 9 such comparisons the mean deviation between the two 
methods was =>=10%. 

By means of this method cerebral blood flow and cerebral oxygen con- 
sumption have been measured in 8 human subjects representing 2 normal 
adults and 6 patients with various diseases. The values have fallen vdthin 
a fairly close range. In the 2 normal subjects cerebral blood flow was 
66 and 56 cc./lOO gm./minute and cerebral oxj'^gen consumption 4.4 and 
3.7 cc./lOO gm./minute respectively. These values are in excellent agree- 
ment with the averages recently reported for the rhesus monkey by the 
use of the bubble flow meter: cerebral blood flow 47 cc./lOO gm./minute 
and cerebral oxygen consumption 3.7 cc./lOO gm./minute (Am. J. Med. 
Sci., 207, 813, 1944). For a normal human brain weighing 1300 gm. the 
values obtained by the nitrous oxide method would yield a total cerebral 
blood flow of 780 cc./minute and a cerebral oxygen consumption of 52 cc./ 
minute. 

Even 15% nitrous oxide is not completely inert physiologically and 
might conceivably influence cerebral blood flow. This disadvantage may 
be overcome by the use of a radioactive inert gas instead of nitrous oxide. 


A Further Study of the Innervation of the Pancreas — The Action of 
Drugs of the Atropine Group. J. E. Thomas and J. O. Crider (Labora- 
tory of Physiology of the Jefferson Medical College). The secretory 
response of the pancreas to peptone, soap, or HCl in the intestine or to 
intravenous secretin was studied in unanesthetized dogs before and after 
administration of atropine or hyoscyamine. The usual dose of atropine 
(sulfate) was 0.2 mg. and of hyoscyamine (hydrobromide) was 0.1 mg. 
per kilogram. 

The specific graidty and total N (mg./cc.) of the pancreatic juice were 
decreased by the action of these drugs regardless of the stimulus used to 
promote secretion. Wien the stimulus ivas soap, HCl, or secretin the 
volume of the secretion and total nitrogen output were also reduced. 
Mflien the stimulus was peptone an increase in volume of secretion usually 
followed administration of either drug; the effect on total nitrogen output 
was not constant but an increase was common. 

The fact that the parasympathetic depressants decrease the response 
to secretin is surprising and contrary to results obtained by others m 
anesthetized animals. Probably “tonic” cholinergic reflexes normally 
augment the response to secretin in unanesthetized animals. The results 
with soap and HCl indicate that these agents stimulate the pancreas in 
part through a nervous mechanism. The e.xperiments provide no basis 
for conclusions regarding the mechanism through which peptone stimu- 
lates the pancreas. 
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Technic of Electrothehapy and Its Physical and Physiological Basis. 
By Stafford L. Osborne, M.S., Ph.D., Assistant Professor, Department of 
Physical Therapy, Northwestern Univ. Med. School, and Harold J. 
Holjiquest, B.S., B.S.(M.E.), Lecturer in Applied Physics, Department 
of Physical Therapy, Northwestern Univ. Med. School, Chicago. Pp. 780; 
240 figs.; having 293 illus., 72 tables. Springfield, 111.: Charles C Thomas, 
1944. Price, S7.50. 

This new work is the outgrowth of numerous requests from the authors’ 
students. It is divided into 4 parts: direct current, electrical stimulation of 
muscle, radiation, and high-frequency currents. It is one of those not-so- 
common books which serve not only as a reference te.\'t but also as a laboratory- 
guide and manual. The first part in particular is well designed for the latter 
purpose. A short historical survey precedes many of the sections. Funda- 
mental principles are outlined in simple form for the benefit of beginners; 
foot-notes, tables, and mathematical formula are appended for the more 
advanced students. References to literature appear at the bottom of pages. 

There is a tendency to some unevenness in -the space allotted to various 
subjects; a discussion of coal tar as a sensitizing agent prior to the use of 
ultra-violet occupies 2 pages while the biologic effects of ultraviolet occupy a 
bare 13 pages. The magazine Time attains bibliographic stature, as in the 
discussion of fluorescence; a "personal communication” from the authors 
whose work Avas cited would have been more appropriate. Over 400 pages 
are devoted to the portion dealing with high-frequency currents; the discus- 
sion of artificial fever is excellent. Short summaries at the end of sections 
are an added feature. Illustrations are clearly reproduced, numerous aind 
well chosen. Type face, setting, and a thin glossy paper make the whole 
“eye easy” and very compact. 

This contribution to an important aspect of physical medicine is warmly 
recommended. M. B. 


Technical Methods for the Technician. By Anson Lee Bro-utx, A.B., 
M.D., Director of Dr. BroAvn’s Clinical Laboratory and Dr. Broum’s School 
for Technicians, Columbus, Ohio. Pp. 706. Third Ed. 229 figs. Pub- 
lished bj'^ the Author, 1944. Price, SIO.OO. 

This text comes from the Author’s school for technicians. In content and 
style it seems designed for the average high school gi’aduate lacking much 
background in science. The I'-ocabularj'- is simple; elementary procedures 
are described in detail; technical terms are defined in abundance; and review 
questions are listed at the end of each chapter. Good instructions are given 
for such beginner problems as operation of a microscope, handling of reagents, 
chemical filtration, weighing with a balance, use of a counting chamber and 
taking of a basal metabolism test. There are many good line illustrations and 
several color plates of the blood cells and of blood groupings. Directions are 
offered for performing 8 different serologic tests for s.ATihilis, including an 
original micro-precipitation technique, “presented for the first time,” based 
on e.xtracted powdered beef testicle as the antigen. The blood chemistrj' 
chapter is well done, but the sections on feces examination, gastric analysis 
and semen study are inadequate. Bacteriologj- and electrocardiogi-aphy are 
not discussed. Erroneous statements abound, such as: “the slightest trace 
of albumin in the urine is considered abnormal” (!); “the normal specific 
graHty for urine is usually given as 1.012 to 1.020” (a narrow nephritic range') • 
when doing Benedict’s test for sugar in urine “heat for not over 10 to 15 min- 
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utes” (much too long!) ; with the Westergren blood sedimentation test, “above 
6 or 7 mm. is pathological” (customary accepted limits are about 15 mm. for 
men, 20 mm. for women). No space is given to pentosuria, recognition of the 
cells of infectious mononucleosis, the dark-field test for spirochetes, and other 
valuable methods. This book may find some application in the office of a 
doctor himself skilled in basic principles, wdio is teaching his secretary to assist 
in laboratorj’- procedures, but it cannot be recommended to physicians or 
technicians as an authoritative reference. I. W. 


Manual of Psychological Medicine. For Practicioners and Students. 
By A. F. Tredgold, M.D., F.R.C.P., F.B.S.E., Consulting Plwsician to 
TJniv. College Hosp., London Lecturer on Mental Deficiency, London 
TJniv. Pp. 298. Baltimore: Williams & Wilkins. Price, $5.00. 

This short but comprehensive textbook of psychiatiy comes to us from 
England. The ps 3 '’choneuroses, epilepsy, mental disorders and mental defects 
are described in successive chapters. In addition, there are chapters on 
psychopathology, psj’^chotherapj’-, and the legal aspects of ps 3 ’^chiatry. The 
author, who appears to have a special interest in mental deficienc 3 '^, expresses 
this orientation by espousing the idea that “germ corruption” or blastophoria, 
is a causative factor in psychiatric disorders. He makes much of terms 
such as “constitutional mental instabilit 3 %” “constitutional predisposition” 
(to mental disease), “poor mental stamina,” etc. He warns against psycho- 
analysis, and dismisses Freud as one whose work, although having a revivify- 
ing effect, largel 3 ’’ consisted in the bestowal of new names on old concepts. 
“Unfortunately,” he adds, “Freud seems to have been obsessed by sex.” 
There is a section on neuroses and ps 3 ’’choses in soldiers, which’ is also marred 
by the author’s reactionary psychopathologic theories. D. P. 


The Management of Neurosyphilis. By Bernhard Dattneh, M.D., 
Jur.D., Associate Clinical Professor of Neurology, New York Univ. Medical 
College. With the collaboration of Evan W. Thojias, M.D., and Gertrude 
Wexler, M.D. Foreword by Joseph Earle Moore, M.D. _Pp. 398; 
40 figs., charts, tables. New York: Grune & Stratton, 1944. Price, $5.50. 
In the first part, the Author discusses the techniques of withdravdng and 
examining spinal fluid and the interpretation and evaluation of changes 
occurring therein. He brings support to those who believe that spinal punc- 
tures can be safely done on the ambulatory patient. His e.\'perience has been 
that, proAuding the puncture is skilfully done with a narrow gauge needle (he 
prefers his double needle) and 10 cc. or less of fluid is removed, the patient has 
less chance of a headache if he remains active. 

He emphasizes that changes in the spinal fluid are frequently found without 
clinical manifestations, and that there is no constant spinal fluid picture 
diagnostic of particular chnical entities. Dattner agrees ivitli other workers 
on S 3 qihilis that the age of the infection and the influence of treatment are 
important factors in the prognostic interpretation of spinal fluids. He states 
that the finding of a negatNe spinal fluid in a case of at least 4 3 'ears’ duration, 
and untreated for 6 months prior to the examination, is almost absolutely 
certain to remain negative. 

In the second part the Author discusses all the methods of treating neuro- 
S 3 q)hilis. Some forms with meningeal involvement respond well to ordinap'' 
intensive chemotherapy. He favors fever therap 3 ^, preferabty Avith malaria, 
followed b 3 ’^ intensive chemotherapy for a short period for such cases that 
proA'e resistant to the aboA'^e, and as first choice in the more serious t 3 qDes of 
cerebrospinal inA^olvement. If the febrile response to malaria is_ good, he 
faA'ors from 8 to 10 paroxysms, followed immediately b3’’ 10 daily injections of 
O.OO^gm. of mapharsen. 
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This book is interesting and easy to read. It reviews the subjeci; in com- 
prehensive manner and should be useful to anyone working in the field of 
neurosyphilis. • 


The Art op Anesthesia. By Palpel J. Flagg, M.D., Visiting Anesthetist 
to Manhattan Eye and Ear Hosp.; Consulting Anesthetist to St. Vincent’s 
Hosp., New York, N. Y.; Consulting Anesthetist to the Women’s Hosp., 
Sea View Hosp., Jamaica Hosp., Mount Vernon Hosp., Flushing Hosp., 
Mary Immaculate Hosp., St. Mary’s Hosp., Far Rockaway, N. Y.; Nassau 
Hosp., L. I.; Director of Pneumatology, World’s Fair, New York City, and 
Chairman of Committee on Asphyxia of the American Medical Association. 
Seventh Ed. Pp. 519; 166 illus. Philadelphia, London, Montreal: J. B. 
Lippincott Company, 1944. Price, S6,00. 

This book is in no sense a comprehensive treatment of the subject. The 
Author’s known preference for ethyl ether is evident throughout. Some of the 
major advances in anesthesia such as the technique of continuous spinal, the 
use of pentothal intravenously, and of cyclopropane by inhalation are dis- 
dismissed as innovations or as being too recent for evaluation. While no one 
can deny the widespread usefulness of ether, unless it be clearly regarded as 
one individual’s personal opinion, a text on anesthesia should be broader in 
scope, and more tolerant. Spinal anesthesia is a valuable adjunct to surgery 
and anesthesia, yet this commonly employed method is treated in 13 sketchy 
pages. 

Despite the imbalance of the presentation, it is interesting to read of the 
Author’s experience with ether. His approach to the signs of anesthesia is 
quite different from the standard, 3 '-et the careful student can learn much, 
for the topic is covered in detail. As a record of personal feelings, the volume 
can be recommended, but as a broad approach to the field of anesthesia, there 
are omissions which can be questioned. R. D. 


A Textbook of Histology. Arranged Upon an Embr 3 mlogical Basis. By 
J. Lewis Bbemer, M.D., Hersey Professor of Anatomy, Harvard Univ. 
Rewritten by Harold Weatherford, Ph.D., Assistant Professor of Anat- 
omy, Harvard Univ. Sixth Ed. of “Lewis and Stohr." Pp. 723; 598 illus. 
Philadelphia: Blakiston, 1944. Price, S7.00. 

The material covered in this new edition embraces the whole meeting 
ground of Histology and EmbryologiL The traditional aspects of Histology 
have not been neglected but the ideas of previous authors are supplemented 
with a vast amount of information collected from the works of investigators 
of recent years. The classical point of view and modern ideas are brought 
successfully into harmony. Fundamental questions on Embr 3 ’’ology are very 
clearly presented. Over 300 new carefully selected and ver 3 ’- instructive 
figures have been added in this edition. 

In every part and detail this is a modern textbook of Histology and may be 
recommended to medical students and to physicians as a good reference book 
for their bookshelf. 

The authors, co-authors and the publishers have produced a book that will 
be ver 3 >' popular among students and teachers in Histolog 3 L G. de R. 


Principles and Practices of Inhalational Therapy. By Alvan L. 
Bahach, M.D., Associate Professor of Clinical Medicine, Columbia College 
of Physicians and Surgeons; Assistant Attending Physician, Presbyterian 
Hospital. Pp. 315; 59 figs. Philadelphia: J. B. Lippincott, 1944. Price, 
S4.00, 

This, the first volume of its kind in medical literature, is written by one 
who has pioneered in the field of inhalation therap3\ The ph3"siologic basis 
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for sucli treatment is thoroughly presented in chapters dealing with pneu- 
monia, pulmonary edema, coronary artery disease, atelectasis, asthma and 
emphysema. The implications of anoxia are also stressed in a number of 
conditions with which physicians are less familiar, e. g., blast injuries, caisson 
disease, aerial transporation, head injuries, fever therapy. Practical details 
are given in addition to the excellent theoretical discussions. The various 
methods of inhalation therapy are outlined. A chapter on respirators is 
useful. Positive pressure techniques, the use of nebulized solutions of various 
drugs and other recent advances in the treatment of respiratory disorders are 
all carefully presented. 

The book should prove stimulating to the respiratory physiologist, internist, 
anesthetist and surgeon. R. D. 


Urological Surgery. By Austin Ingram Dodson, M.D., F.A.C.S., Pro- 
fessor of Urology, Medical College of Virginia; Urologist to the Hospital 
Division, Medical College of Virginia; Urologist to Crippled Children’s 
Hospital, St. Elizabeth’s Hospital, St. Luke’s Hospital and McGuire Clinic. 
With contributions by 7 well-known authorities. Pp. 768; 576 illus. St. 
Louis; C. V. Mosby, 1944. Price, SIO.OO. 

Special emphasis on the surgical treatment of urologic conditions is made 
in this new book. The author states that his purpose is to present informa- 
tion on surgical problems arising in practice, as a surgical supplement to the 
many excellent books alreadj’’ written on the principles and practice of urology. 

Anatomy of the genito-urinary tract, with special reference to surgical 
considerations, is presented. Throughout the text, preoperative and post- 
operative treatment, so essential to good results in urologic surgery, is ernpha- 
sized. There are chapters on excretion urography and cystography, radiation 
therapy, acid-base balance, fluid administration, blood transfusion, anesthesia, 
and endocrinology. Each of these chapters is written by an author who is a 
specialist in the respective fleld. Surgical problems are discussed in anatomic 
sequence, beginning with the kidney and followed by adrenal, ureter, bladder, 
urethra, perineum, penis, scrotum and testicle. Diseases of the adult male 
and female, as well as diseases in children are presented. 

Illustrations are good. Those showing the technic of certain operative 
procedures are particularly well presented. Each chapter is followed by a 
bibliography. References are made to the most recent literature. 

This book should be of particular value to urologists, and general surgeons; 
it should also be an excellent reference book for medical students and general 
practitioners. L- LaT. 


The Art and Science of Nutrition. A Textbook on the Theory and 
Application of Nutrition. By Estelle H. HAvmEy, Ph.D., and Grace 
Carden, B.S., The Univ. of Rochester, School of Medicine and Dentistl■^^ 
Strong Memorial and Rochester Municipal Hospitals, Rochester, N. I. 
Second Ed. Pp. 668; 139 illus. (11 colored); 138 figs.; 68 tables. St. Louis: 
C. V. Mosby, 1944. Price, S3.75. 

As the title suggests, this book deals not only with the basic principles 
of nutrition, but also goes into great detail to demonstrate how best to apply 
the principles to everyday li\ang and to the special needs of diet therapy. 

It is focussed especially on teaching of dietetics in schools of nursing, but it 
would be a most useful reference book for the practitioner of medicine as well. 
One section of the book is devoted to food requirements under special condi- 
tions, such as pregnancy and its complications, lactation, the feeding_ of 
infants and young children, diet in relation to the teeth, and the food require- 
ments of old age. Diet therapj’- is treated at length. A practicanaboratory 
course of 20 lessons on the choice, preparation, and serving of foods is included. 
Illustrations are numerous and excellent. E. W. 
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Fertility in Men. By Robert Shersian Hotchkiss, B.S., M.D., Lt. Comm. 
(M.C.), U.S.N.R. (on active service), Assistant Professor of TJrolog}’', New 
York Univ. Medical College; Instructor in Surgery (Urology), Cornell Medi- 
cal College; Assistant Visiting Attending Physician, Department of Urology, 
Bellevue Hospital; Assistant Visiting Attending Physician in Surgery 
(Urology), New York Hospital; Chief of Urological Clinic, New York Univ. 
Medical College Clinic. Foreword by Nicholson J. Eastman, M.D. 
Pp. 216; 95 illus. Philadelphia: J. B. Lippincott, 1944. Companion book 
to “Fertility in Women.” Price, in slip case, $8.00. 

The book presents a clinical study of the causes, diagnosis, and treatment 
of impaired fertility in the male. It is issued as a companion volume to 
“Fertility in Women,” by S. L. Siegler. 

Until recent years the blame for sterility in marriage was almost always 
placed on the wife. However, during the past 2 decades accumulative infor- 
mation would indicate that many cases of sterility in a family group are due 
to diseases in the male. The discovery that sterility in the male w'as wide- 
spread opened a new field of study and treatment in urology. This volume 
presents such information on the problems associated with male sterility in a 
concise, well-organized manner. 

With special reference to fertility, anatomy, physiology, and pathology of 
the male genital organs are discussed. Much new information on the metab- 
olism of spermatozoa and the chemical composition of semen is presented. 
Practical mef 1 ' ■' ‘ ‘■■'“tilit}’- in the male are recorded. The 

technics and ■■■;.• • ' laboratory studies of spermatozoa and 

semen are given in detail. No other reference book need be consulted in order 
to carry out such methods satisfactorily. There are several case histories 
illustrating various types of sterilitj’- and emphasizing not only the anatomico- 
pathologic entities, but also the psychic aspects of cases besides. Medical and 
surgical methods of treatment of the various entities are discussed in detail. 
Excellent illustrations appear and each chapter is followed by a liberal bibliog- 
raphy. 

Future therapy in diseases causing sterility depends on advances in glandu- 
lar physiology, enzymic chemistry, nutrition, and cytology. Advances in the 
laboratory must be applied to treatment of the patients. Sterile patients, 
successfully treated, are most grateful. L. La T. 


The Romance of Medicine. The Story of the Evolution of Medicine From 
Occult Practices and Primitive Times. By Benjamin Lee Gordon, M.D., 
Member, Am. Assn, of the Hist, of Med.; Attending Ophthalmologist to the 
Shore Memorial Hospital, Somers Point, N. J., and to Atlantic County 
Hospital for Tuberculosis, Northfield, N. J. Authorized Medical Exam- 
iner for Ciwl Aeronautics Administration, Dept, of Commerce, Washington, 
D; C. Formerly Associate Ophthalmic Surgeon of St. Agnes Hospital of 
Philadelphia. Pp. 624; 147 illus. Philadelphia; F. A. Davis, 1944. 
Price, S5.00. 

Though this entertaining volume touches throughout on medical matters 
from the historical point of view, it is in no sense a history of medicine, whether 
biographic, topic, or chronologic— nor is it intended to be so. Starting vdth 
primitive man’s concepts of life and disease, the author aims to trace the 
evolution of these concepts into the corresponding ideas of today. This plan 
leads to 26 chapters, on such subjects as Fecundation and Gestation, Galenic 
Physiolog}', The Vital Principle. Dcmonolou'.-. .Lstrologj^, The EHl Eye 
Spiritual Healers, Scapegoats, Mvi-iic Medicine, “Signatures,” Primitive 
Healing Measures, Ancient Ethics, Ideas of After Life. One might infer from 
such a list that superstitions would fill most of the book. Not only is this 
the case, but in telling about them the author is at his best; the change to a 
brief consideration of modern practices usually being more of a jump than a 
gradual progress. 
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One adds regretfully that illustrations are mostly on hackneyed subjects 
and are poor specimens, also that there is but little use of original sources; 
and one who is anno 3 '^ed by poor spelling wdll be frequently annoyed. (The 
Re-vdewer found 18 such errors in less than an hour’s reading.) Nevertheless, 
the book contains much interesting information about primitive and ancient 
customs related to medicine, and should afford pleasant and instructive 
reading to those curious about such matters. E. K. 


Fertility in Women. By Samuel L. Siegler, M.D., F.A.C.S., Attending 
Obstetrician and Gynecologist, Brooklyn Women’s Hospital; Attending 
Gynecologist, Unity Hospital; Assistant Obstetrician and Gynecologist, 
Greenpoint Hospital; Attending Sterility Clinic, Greenpoint Hospital; 
Consultant in Gynecology, Rockaway Beach Hospital; Diplomate, Am. 
Board of Obstetrics and Gynecologj'^; Fellow, New York Academy of Medi- 
cine; Member, Soc. for the Study of Internal Secretions. Foreword by 
Robert Latou Dickinson, M.D. Pp. 450; 194 illus. Philadelphia: J. B. 
Lippincott, 1944. Companion book to “Fertility in Men.” Price, in slip 
case, S8.00. 

This treatise on the causes, diagnosis, and treatment of impaired fertility 
in the female is a companion volume to “Fertility in Men,” by R. S. Hotch- 
kiss, M.D. A consideration of the problems associated with both male and 
female aspects of sterility, the author’s so-called “bilateral approach” is 
stressed throughout the book. 

ICnowledge of the factors responsible for both male and female fertility has 
advanced considerably in the past 2 or 3 decades. Studies in the biology, 
chemistry, physiology, and psychiatry of human reproduction and sex adjust- 
ments haA'^e aided greatly in furthering this knowledge. Methods of evaluat- 
ing fertiUty in the laboratory, as W'ell as special points in history taking and 
phj'^sical examination are presented. This information Avould enable one to 
make a true evaluation of the case at hand. 

There are chapters on the physiology of the female sex cycle, cervical and 
and vaginal secretions and their relation to spermatozoa, and tubal factors in 
sterility. Endocrine disorders in which sterility occurs are thoroughly dis- 
cussed. The present methods of medical and surgical treatment of such con- 
ditions as are amenable to therapy are discussed. 

The purpose of the book is to present a description of the anatomic and 
phj^siologic factors in sterility encountered in medical practice. It covers the 
subject of the females’ part in sterility completely, and along with its com- 
panion volume, “Fertility in Men,” makes an important contribution to 
recorded knoAvledge on this subject. L- LaT. 


The Medical Clinics of North America, March, 1944. Symposium on 

Chronic Diseases. Pp. 516. Philadelphia and London: W. B. Saunders. 

Price, S16.00, j^ear. 

The contributors to this volume shoAv a practical, lucid, and up-to-date 
approach to the subjects chosen, place much emphasis on treatment, and 
haA^e succeeded to an unusual degi’ee in combining the newer therapeutics 
with such older methods of treatment as haA'^e stood the test of time. 

The introduction by R. L. Cecil makes clear the prevalence of chronic 
disease in the j^ounger age groups. Far from finding clironicity synonymous 
with old age, Ave discoA'er in the Nbav York City studies that nearly half the 
chronicalty ill patients Avere under 40 j’^ears of age, about a third being children 
under 16. 

Discussions on present-daj' treatment of syphilis and of gonorrhea occupj" 
the first and the last places in this volume. Experience now accumulated 
A\-ith short-term arsenotherapy is reAuewed. A rational treatment for gonor- 
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rhea, combining the use of suKonamides with older forms of treatment, is 
outlined. 'In both of these discussions one catches a hint of the temporary, 
and the impression that penicillin, when generally available, may be the 
answer to the search for a quick treatment for early syphilis and for gonorrhea. 

Chronic arthritis is the most prevalent of all chronic ailments. For rheuma- 
toid arthritis, various forms of therapy are evaluated, and especially the results 
to date of therapy with vitamin D and with gold. The dangers of toxic mani- 
festations are outlined. 

Accepted methods for treating chronic diseases of nose, throat and ear are 
presented, A few well-chosen case reports serve to illustrate pitfalls in the 
diagnosis and treatment of diseases of the larynx and_ trachea. Treatment 
for the refractive case of bronchial asthma is detailed, including methods of 
inducing cumulative relaxation of the bronchial musculature by repeated use 
of aminophyllin intravenously or by rectum. 

An especially helpful paper dealing with the chronic anemias points out 
the fallacy of attempts at treatment without proper diagnosis, and gives in 
outhne form the studies required for adequate diagnosis, and the classification 
of the anemias based on etiology and morphology. A brief paper on renal 
insufficiency usefully directs attention to reversible causes and the importance 
of search for such causes in all cases not definitely assignable to the irreversible 
group. 

The medical management of peptic ulcer is discussed on the basis of a large 
clinical experience. Simplification of treatment to the point where the 
average patient relies primarily on food and mode of life, and little or not at 
all on medication, will be found a boon to patient and physician alike. Func- 
tional disturbances of the alimentary tract are reviewed. There are helpful 
discussions on the management of heart disease; the management of diseases 
of the nervous system, and chronic endocrine disorders, including a special paper 
on the difficult problem of exophthalmos in Graves’ disease. 

Not the least useful feature of the whole collection of papers is the carefully 
selected list of references attached to each. The physician null find this volume 
a convenient and reliable guide and will welcome the wealth of practical 
suggestions for the handling of some of man’s most difficult ailments. 

J. M. 


Intbavenous Anesthesia. By R. Chables Adams, M.D., C.M., M.S. 
(Anes.), Associate in Section on Anesthesiology, Mayo Clinic; Instructor 
in Anesthesiology, Graduate School University of Minnesota, Rochester, 
Minn. Foreword by Db. John S. Lundy. Pp, 663; 34 tables; 75 figs. 
New York, London; Paul B. Hoeber, 1944. Price, $12,00. 

This book gathers under one cover a good bit of interesting and useful 
information about the intravenous administration of various narcotics. Ether, 
paraldehyde, alcohol, and magnesium sulfate, have all been used in the past 
and occasional clinical articles are appearing now suggesting their value in 
various conditions. It is helpful to have detailed reference to the earlier 
development and present status of these agents. Incidentally, one would 
expect more data on the intravenous use of morphine. 

The book represents an unusual attempt to reidew apparently every article 
ever written on the subject. In an introductory chapter on derivatives of 
barbituric acid, for example, 498 references are listed! In a chapter on 
Pernoston, a drug rarely used today, 303 articles are given. The intravenous 
anesthetic most commonly used in this country is pentothal sodium and this 
agent is not considered until page 451. BTiether the importance of the field 
justifies so inclusive a coverage remains for the indiiddual leader to determine 
It IS perhaps doubtful as to whether 662 pages are necessary to adequately 
review the topic. In the preface the Author points out his awareness of the 
oGtoiiBcl D&turG of the prcsont&tion so tlia-t tlio licvicwGr^s criticisnis jire 
perhaps unjust. -d ‘t-. 
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The Youngest of the Fajiily. His Cake and Training. A Manual for 
the Inexperienced Mother. By Joseph Garland, M.D., Physician to 
Children’s Med. Dept., Massachusetts General Hospital; Consulting Pedi- 
atrician, Massachusetts Eye and Ear Infirmaiy; Instructor in Pediatrics, 
Harvard Medical School. Revised Ed. Pp. 182. Cambridge, Mass.: 
Harvard Univ. Press, 1943. Price, $2.00. 

Dr. Garland is practical, conservative, learned and witty; and his "baby- 
raising” book is a polished expression of current pediatric thought. Advice 
on the many maneuvers of baby care is given in literary rather than cookbook 
style, which no doubt will confuse some readers and please others. The 
major defect in the presentation is the absence of a section on the preparation 
of milk mixtures and the sterilization of feeding equipment. Emphasis has 
been directed toward building up an understanding of the phenomena of 
infant and pre-school child behaAUor. This is, of course, of paramount impor- 
tance, and the book maj^ be recommended with assurance to intelligent 
parents who are desirous of that type of guidance. I. AV. 


The Pathogenesis of Tuberculosis. Bj"- Arnold R. Rich, M.D., Asso- 
ciate Professor of Pathologjq The Johns Hopkins University School of Medi- 
cine, Baltimore, Md. Pp. 1008; 89 figs.; 4 charts; 20 tables. Springfield, 
111.: Charles C Thomas, 1944. Price, $10.50. 

Research in tuberculosis has progressively built up a tremendous literature 
over many years. Many of the older concepts have been amended or sup- 
planted. Others, on which the evidence is still incomplete, or worse, contra- 
dictorjq are in a state of flux. Because of his special interest in tuberculosis 
and his fine anatomic background, the author is admirably suited to attack 
this problem. He has produced a most valuable survey of the field with 
critical reevaluation of man}'- long accepted fundamental concepts. 

The book begins with a discussion of the tubercle bacillus, its mode_ of 
action, as a whole and as isolated chemical fractions. Next, a large section 
is given over to the immunologic aspects of the disease, native and acquired 
resistance and hjqiersensitivity. Following this, in a discussion of the factors 
responsible for the tuberculous lesion, he gives a good account of the general 
pathologic anatomy and later, in a separate chapter, considers the special 
pathologic anatomy of certain organs (lung and meninges). As the emphasis 
is placed on pathogenesis no extensive anatomic descriptions are attempted. 

The text reads easily despite profuse documentation. Throughout is e^^- 
dent the special care taken to pro^^de references. The extensive bibliogi'aphy 
(1417 references) should prove most A'aluable to those Avith special interest 
in any of the various controA'ersial problems. The sections on resistance and 
hj'persensitivity are recommended to students, teachers, and practitioners, as 
they help to clarify this complex subject. Especially convenient are the short 
summaries at the end of each section. 

The book’s most important contribution is that it provides the urgentlj' 
needed correlation between the massive animal experimental researches and 
the disease as it occurs in man. W. S. 


Hypertension and Hypertensiats Disease. B}' Willlvm Goldring, M.D., 
Associate Professor of Medicine, New York UniA'. College of Medicine; 
and Herbert Chasis, M.D., Assistant Professor of Medicine, New York 
Univ. College of Medicine. Pp. 253; 53 figs.; 27 tables. NeAV York: The 
Commonwealth Fund, 1944. Price, $3.50. 

For those interested in keeping abreast of current thought regarding the 
nature of hjqiertension, this book will proA’-e well Avorth reading. The authors 
reAdew the pioneer clinical work in the study of differential aspects of renal 
physiologA' Avhich they, in association with Dr. Homer W. Smith, have per- 
formed. Further, they present their present concept of hypertensive disease 
and its A'arious ramifications. 
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The book is divided into short, readable chapters. Illustrations and refer- 
ences are well chosen. Investigative techniques are described in sufficient 
detail to guide those who may wish to employ the elaborate, but ingenious 
procedures which these workers have developed. The authors conclude that 
no treatment yet devised is of avail in altering the slow but certain course of 
hypertensive disease. W. J . 


Systematic Inorganic Chejiistry — The Fifth and Sixth Group Non- 
AIETALLIC Eeeaients. By DoN M. YosT, Professor of Inorganic Chemistry, 
and Horace Russell, Jb., Instructor in Chemistry, California Institute 
of Technology. Pp. 423; 78 figs.; 109 tables. New York: Prentice-Hall, 
1944. Price, $4.60. 

In this book the authors have selected a list of topics devoted to the fifth 
and sixth group non-metallic elements of the periodic system and “include 
in the discussion of each enough of the old and the new chemistry to bring 
out the most important features of the substances.” In many cases the 
original literature references are included in the statements throughout the 
text. These guide the student seeking a detailed discussion of the point in 
question. 

The methods of preparation and purification of the various substances are 
given. Both physical and chemical properties are included. Figures and 
tables, giving other pertinent data, are numerous. 

In addition, the authors emphasize “the research point of view” by sug- 
gesting "many problems worthy of the serious attention of research workers.” 

The scope of the book as given by chapter headings follows; 1. Nitrogen 
and Its Oxides and Sulfides. 2. Nitrogen Oxyhalides and Oxyacids; Fixation 
of Nitrogen. 3. Hydroxylaraine, Amine Sulfonites, Phosphorus Chloro- 
nitrides. Hydrazine, and Hydrazoic Acid. 4. Ammonia and Liquid Ammonia 
Solutions. 5. Phosphorus, Its Oxides and Sulfides. 6. 0>yacids of Phos- 
phorus. 7. Phosphorus Halides and Oxjdialides; Phosphine, 8. Oxygen, 
Sulfur, Selenium, Tellurium, and Their Compounds With Hydrogen. 9. Hal- 
ides and Oxyhalides of Sulfur, Selenium, and Tellurium. 10. Oxides and 0.\y- 
acids of Sulfur, Selenium, and Tellurium. 11. Hydrogen Peroxides, Persul- 
fides, and Peroxyacids; Metallic Peroxides and Superoxides; Polythionic Acids. 

In the Appendices are listed a bibliography of reference Irooks, general 
physical constants, and the periodic system of elements. 

The volume is Avell printed and easy to read. It contains complete subject 
and name indices. For a study of the specialized field of inorganic chemistiy 
(fifth and sixth group non-metals) this book will serve as an excellent textbook 
or reference text. C. p. 


Rebel Without a Cause. The Hypnoanalysis of a Criminal Psychopath. 
By Robert M._ Lindner, Ph.D., U. S. Public Health Service (R) Psychol- 
ogist, U. S. Penitentiary, Leudsburg, Pa.; Lecturer in Criminology, Bucknell 
Univ. Introduction by Sheldon Glueck, LL.B., Ph.D., Professor of 
Criminal Law and Criminologj’-, Law School, Harvard Univ., and Eleanor 
T. Glueck, Ed.D., Research Criminologist, Law School, Haivard Univ, 
Pp. 295. New York; Grime & Stratton, 1944. Price, .$4.00, 

By combining the methods of psychoanalysis and hypnotism, this psy- 
chologist has evolved an original plan for the study of psychopathy as encoun- 
tered in psychiatry and criminologjL The method.js termed hjqmoanalysis 
and is defined as “a radically abbrerdated method for the investigation of the 
personality and the treatment of psychogenic disorders and aberrations of 
behaidor.” In speaking of the method, the writers of the Introduction state 
that thej’’ do not “know whether .... it udll go beyond diagnostic dissection 
to permanent reconstruction of the personalitj-.” 

The subject studied was in good_ health, except that following an attack of 
measles in infancy, he was left with what one specialist termed nystagmus 
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avihlyopia, and another, congenital defective retime. Disclosure of the lad’s 
psychopathic personality came through the commission of numerous delin- 
quencies and one stabbing affair, i^ter taking a formal case history, the 
hypnotized subject’s revelations were recorded during 46 sittings of 1 hour 
each. For the ready attainment of the trance state it is said a week may be 
required, but that, later, the state should be attained almost at once. After 
the induction of complete amnesia, all resistance is overcome and disclosure 
flows smoothty as various components of the psychoanal 3 dic technique are 
applied. 

Somewhat apologetically, the writer explains that while only 1 case is here 
hypnoanalyzed, he has had 5 others which likewise “demonstrated .... at 
least at the time of this writing of the benefits of treatment.” In helping to 
solve the perplexing problem of the psj'chopathic personality, a courageous 
effort has been made through an original plan of analysis and reconstruction. 
A bibliography and index are included. N. Y. 


Artificial Pneumothorax in Pulmonary Tuberculosis. By T. N. Raf- 
ferty, M.D., formerly Resident Physician, William H. Maybury Sana- 
torium (Detroit Municipal Tuberculosis Sanatorium), Northville, Mich. 
Introduction b}’^ Henry Stuart Willis, M.A., M.D. Pp. 192; 26 figs.; 14 
tables. New York: Grune & Stratton, 1944. Price, $4.00. 

The title of this book, not indicating the true scope of the work, is apt to 
deflect from its usefulness. Although primarily a discussion of artificial 
pneumothorax, it covers the whole subject of collapse therapy in tuberculosis. 
Bj’’ discussing the pros and cons of the various types of collapse therapy, an 
overall picture of the treatment and prognosis of the disease is presented. 
This is valuable both to the specialist and to the internist or family physician 
who directs the care of the patient. The latter, unfortunately, is apt to have 
too optimistic a point of idew as to the prognosis. This book will once more 
acquaint him with the true dangers of the disease and the need for careful 
supervision of all cases. 

The chapters on the importance of bronchoscopic examination and closed 
intrapleural pneumolysis are particularly good. These procedures are not in 
general use and too often are neglected because of the technical skill required. 
The section on the management of pneumothorax is full and complete and yet 
not too technical to be tiring. In fact, the entire book is well written and 
the subject matter pleasantly presented. D. P. 


Quick Reference Book of Medicine and Surgery. A Clinical, Diagnos- 
tic, and Therapeutic Digest of General Medicine, Surgery, and the Special- 
ties. By George E. Rehberger, A.B., M.D. Twelfth Ed. Pp. 1460. 
Philadelphia, London, Montreal, J. B. Lippincott, 1944. Price, $15.00. 
The fact that this book has reached its 12th' edition in 24 years is good 
evidence of its continued popularity. Perhaps this is in measure to be ex- 
plained bj’- the relatively large amount of space devoted to methods of therapy. 
As regards the other aspects of medicine, surgery, and obstetrics the discus- 
sions are of necessity verj’’ sketchy. A physician with even a very modest 
librarj”^ should have little need for books of this kind. H. S. 


The Analysis and Interpretation of Symptoiis. Edited by Cyril M. 
MacBryde, M.D., and ten contributors. Reprinted from Clinics, Vol. 11) 
No. 6, 1944. Pp. 301; numerous figs., tables and plates. Philadelphia: 
J. B. Lippincott, 1944. Price, $4.00. 

This is an excellent book. Its excellence consists in its practical approach 
to clinical problems and the thoroughness with which each subject is pre- 
sented. As MacBrj'de saj's in his introduction, a patient does not present 
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himself with a diagnosis but wdth a symptom. The ordinary textbook, 
however, classifies data according to diagnoses and not under symptom 
headings. Some older textbooks, like those of Butter and of French, adopted 
the latter system and were highly popular. This one should be more so 
because it does more than list the causes of nervousness, fatigue, headache, 
fever, cough, abdominal pain, etc.; it explains the mechanism involved, and 
in most instances this is done by one who has made significant contributions 
in the field that he presents. Many other symptoms and physical phenomena 
such as nausea, diarrhea, anemia, weight loss and lymphadenopathy, might 
well be the subjects for a subsequent presentation. Such books will appeal 
to medical students especially, but rvill also be welcomed by the practicing 
physician. Within themselves they are stimulating and they will lead to 
further intelligent perusal of the fundamental literature. T. M. 


NEW BOOKS 


Neurology of the Eye, Ear, Nose, and Throat. By E. A. Spiegeu, M.D., Pro- 
fessor of Experimental and Applied Neurology and Head of Dept, of Experi- 
mental Neurology, Temple Univ. School of Med., and I. Sommer, M.D., 
Lecturer in Ophthalmology, Long Island Coll, of Med.; Consultant Ophthal- 
mologist and Otolaryngologist, Chicago Eye and Ear Hosp. Pp. 690; 
118 figs. New York: Grune & Stratton, 1944. Price, 87.50. 

Gynecological and Obstetrical Urology. By Houston S. Everett, A.B., A.M., 
M.D., Associate Professor of Gynecology, the Johns Hopkins Univ., and 
Associate in Gynecology, The Univ. of Maryland; Assistant Visiting Gyne- 
cologist and G 3 mecologist in charge of the Cystoscopic Clinic, the Johns 
Hopkins Hosp.; Visiting Gynecologist, the Church Home and Hosp., the 
Hosp. for the Women of Maryland, and the Union Memorial Hosp. Pp. 
517; 220 figs. Baltimore: Williams & Wilkins, 1944. Price, 86.00. 

AH Aboid Feeding Children. By Milton J. E. Senn, M.D., Associate Attend- 
ing Pediatrician, New York Hosp., Associate Professor of Pediatrics in 
Psychiatry, Cornell UniAL Med. Coll., and Phyllis Krapft Newull. Pp. 
269. NeAV York: Doubledajq Doran & Co., 1944. Price, 82.50. 

Taber’s Dictionary of Gynecology and Obstetrics. By Clarence Wilbur Taber, 
Medical Editor and Author of Taber’s Cj'^clopedic Medical Dictionary, 
Taber’s Condensed Medical Dictionary, and Dictionary of Food and Nutri- 
tion, etc. With the Collaboration of Mario A. Castallo, M.D., F.A.C.S., 
Assistant Professor of Obstetrics, Jefferson Med. Coll.; Gynecologist to 
St. Mary’s and Agnes’ Hosp.; Obstetrician to St. Mary’s Hosp.; Diplo- 
mate, American Board of Obstetrics and Gynecology, etc., etc. Pp. 706; 
numerous illus. Philadelphia: F. A. Davis, 1944. Price, 83.50. 

Proteins and Amino Acids. Physiology, Pathology, Therapeutics. Bj' The 
Scientific Staff of the Arlington Chemical Company. Pp. 189. Ncav York: 
Arlington Chemical Co., 1944. 


Virus Diseases in Man, Animal and Plant. By Gustav Seiffert. A Survey 
and Reports Covering the Major Research Work Done During the Las\ 
Decade. Pp. 332. New York: Philosophical Library, 1944. Price, 85.00. 


The British Encyclopaedia of Medical Practice Including Medicine, Surgery, 
Obstetrics, Gynaecology and Other Special Subjects. Cumulative Supplement, 
Under the General Editorship of Sir Humphrey Rolleston, Bt., 
G.C.V.O., K.C.B., M.D., D.Sc., F.R.C.S., D.C.L., LL.D., Emeritus Regius 
Professor of Physic, Cambridge; Sometime President of The Roj^al Coll, of 
Physicians of London. Pp. 306. London: Butterworth & Co., 1944, 
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The British Encyclo'psedia of Medical Practice Including Medicine, Surgery, 
Obstetrics, Gynaecology and Other Special Subjects. Medical Progress, 1944. 
Under the General Editorship of Sir Humphrey Rollbston, Bt., G.C.V.O., 
K.C.B., M.D., D.Sc., F.R.C.S., D.C.L., LL.D., Emeritus Regius Professor 
of Physics, Cambridge; Sometime President of The Royal Coll, of Physicians 
of London. Pp. 537. London: Butterworth & Co.,' 1944. 


NEW EDITIONS 

Physiology in Health and Disease. By Carl J. Wiggers, M.D., D.Sc., F.A.- 
C.P., Professor of Ph 3 "siologj’- and Director of Physiology Dept, in the 
School of Med. of Western Reserve Univ., Cleveland, Ohio. Fourth Ed. 
Pp. 1174; 274 figs. Philadelphia: Lea & Febiger, 1944. Price, SIO.OO. 

A Method of Anatomy. Descriptive and Deductive. Bj’- J. C. Boileau 
Grant, MiC., M.B., Ch.B., F.R.C.S. (Edin.), Professor of Anatomy in 
the Univ. of Toronto. Third Ed. Pp. 822; 729 figs. Baltimore: Williams 
& Wilkins, 1944. Price, .56.00. 
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